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(54) Compositions and methods for the simultaneous detection and quantification of multiple 
specific nucleic acid sequences 



(57) Tine invention relates to methods for simultane- 
ously or sequentially detecting multiple nucleic acid ana- 
lytes In a single medium utilizing oligonucleotide 
hybridization probes coupled to different chemilumines- 
cent labeling reagents. The methods may be used in a 
heterogeneous, homogeneous or non-homogeneous 
assay system. The invention also relates to specific com- 
binations of chemiluminescent labeling reagents suita- 
ble, when coupled to an oligonucleotide probe, for use 
together in methods for the detection of multiple nucleic 
acid analytes. The invention also concerns kits useful in 
these methods. 
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Description 

Field of the Invention 

5 This invention concerns compositions and methods for simultaneously detecting and quantifying multiple nucleic 

acid analytes in a single sample. Specifically, the present invention involves the use of two or more different chemilumi- 
nescent compounds coupled to single-stranded nucleic acid hybridization probes. When each probe has selectively 
hybridized to its target nucleic acid, the chemi luminescent compound or "label" coupled thereto may be distinguished 
from the label coupled to unhybridized probe and from a different label hybridized to a different target nucleic acid. Upon 

10 initiation of a chemi luminescent reaction, the light emitted is an indication of the presence or amount of each hybridized 
probe, and thus of the presence or amount of each target nucleic acid. The present invention also discloses methods 
for separately detecting and/or measuring the light emitted by each chemiluminescent label in a single tube as an indi- 
cation of the presence and/or quantity of two or more nucleic acid analytes. 

Background of the Invention 

Light emission as the result of a chemical reaction is known to those skilled in the chemical arts. S^§e Schuster and 
Schmidt, Chemiiuminescence of Organic Compounds, in Advances in Physical Organic Chemistry 18: 187-238 (V. Gold 
& D. Bethel eds.. Academic Press 1982). Additionally, the absorbance or diffusion of light at one or more wavelengths 

20 has been applied to the quantifying of bacterial cells in suspension ( see Manual of Methods for General Bacteriology 
191 (American Society for Microbiology 1 981 ) for the measurement of nucleic acid and protein concentration in solution, 
id. at 456 and 359 respectively) and as a means of following the purification of various compounds by chromatography 
and other purification and separation techniques. However, these latter techniques are generally not specific with regard 
to the identification of a particular compound, such as a protein or nucleic acid species. 

25 The use of chemiluminescent reagents as labeling reagents in analyte-specific immunological assays is known in 
the art. See e.g. . W. Rudolf Seitz, Immunoassay Labels based on Chemiiuminescence and Bioluminescence. Clin. 
Chem. 17:120-126 (1984). The use of acridinium derivatives as specific labeling reagents in such assays has been 
described in Weeks et al .. Acridinium Esters as High Specific Activity Labels in Immunoassays . Clin. Chem . 29:1474- 
1478(1983). 

30 Assays employing chemiluminescent labels or "reporter groups" proceed according to a generalized mechanism. 
In this mechanism, the light-emitting compound reacts with a second compound which causes the light-emitting com- 
pound to enter a transient high energy state. When the excited molecule subsequently returns to a low energy state, a 
photon is emitted. The reaction may or may not involve additional cofactors or catalysts to facilitate or accelerate the 
reaction. In a population of such molecules the emitted light can be measured in a light measuring device called a 

35 luminometer. The amount of measured light is proportional to the concentration of reacting luminescent compounds in 
the test sample. 

Thus, when the compound is physically associated with an analyte. the amount of light generated is also proportional 
to the amount of analyte in the sample, so long as any excess or unassociated chemiluminescent reagent has been 
removed from the sample before reaction and measurement. The compound can be directly bonded to the analyte or 

40 can be linked or bonded with a compound which itself is capable of physically associating with the analyte. An example 
of the latter would be where the chemiluminescent reagent is bonded to an antibody specific for the analyte of interest 
or to a single-stranded nucleic acid complementary to a nucleic acid whose presence in the test sample is suspected. 

Various assay systems for the measurement of more than one specific analyte in a single test sample have been 
described. In Gorski et al.. J. Histochem. and Cytochem. 25:881-887 (1977) a single label, acridine orange, was used 

45 as a fluorescent vital dye in mixed lymphocyte cultures. After staining the cultures were monitored at two different wave- 
lengths. Because the dye, which intercalates between the bases of nucleic acids, will emit light in the green region If 
associated with DNA and in the red region if associated with RNA, it is possible to simultaneously measure total cellular 
DNA and RNA by monitoring these two wavelength regions. 

Various assay systems have been devised employing two or more different radioisotopes each incorporated in one 

50 of a binding pair, such as a member of an antibody-antigen pair, a receptor-substrate pair or one of two complementary 
nucleic acid strands. By using radionuclides emitting different kinds of energy (such as y radiation and p particle emission) 
or energies of different intensities it is possible to differentiate between the two radionuclides, and thus between the 
compounds into which they are incorporated. Scintillation and gamma counters are commercially available which can 
measure radioactive decay in more than one channel simultaneously. 

55 Thus, in a multi-analyte competition radioimmunoassay (RIA) two or more populations of analyte molecules are 
labeled with different radioisotopes at a known specific activity (mCi of radioisotope/mmole of analyte). When a test 
sample is mixed with the labeled analytes. the unlabeled analyte in the test sample will compete with the labeled analyte 
for binding to an unlabeled specific binding partner. The amount of unlabeled analyte in the test sample is proportional 
to the decrease in signal as compared to the amount measured without addition of the test sample. 
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Radioactive assays have obvious disadvantages. Non-radioactive methods for detecting and measuring an analyte 
in a test sample are known In the art. For example, enzyme-linked immunoassays utilizing biotin and avidin, carbohy- 
drates and lectins have been described, as have assay systems using fluorescent reporter groups such as fluorescein 
and rhodamine, as well as chemiluminescent reporter groups. Some of these systems also are inherently limited in the 

5 sensitivity with which they may detect the analyte of interest due to inherent sensitivity of the label, and/or by the spectral 
or kinetic characteristics of the particular fluorescent or chemiluminescent compound. 

Simultaneous assays of multiple analytes using fluorescent reporter groups having high quantum yields is made 
more difficult due to the relatively broad spectra and high backgrounds associated with these reagents. 

Non-radioactive multiple labeling systems have been reported for the measurement of proteins; Vuori et al .. Clin. 

10 Chem. 37:2087-2092 (1991), and nucleic acids; litia et al .. Mol. and Cell. Probes 6:505-512 (1992), in which chelates 
of fluorescent lanthanides ( e.g.. europium, samarium and terbium) are coupled to one of a specific binding pair. The 
unknown components are assayed either through a competition immunoassay or by nucleic acid hybridization, and the 
fluorescence is measured. The fluorescent lanthanides have narrow emission peaks and the components of the pairs 
Eu3VSm3* and Eu3*/Tb3* have emission maxima sufficiently far apart that they may be distinguished from each other. 

15 Moreover, the post-excitation fluorescent decay of Eu is relatively long lived, while that of Sm and Tb is extremely short, 
which provides another way of distinguishing the signals: by measuring the fluorescence of each chelate at different 
times. 

A generalized multiple analyte assay system using acridinium ester derivatives as the reporting group was described 
in Woodhead et al .. PCT Application WO91/00511, which is not admitted to be prior art and which enjoys common 

20 ownership with the present application. Khalil etal .. PCT Application W092/1 2255, describe a solid phase dual analyte 
immunoassay system employing an acridinium or phenanthridinium derivative as a first chemiluminescent reagent, and 
a 1,2"dioxetane. which is converted to a chemiluminescent reaction intermediate by alkaline phosphatase or p-galac- 
tosldase, as a second chemiluminescent reagent. The acridinium derivative yields a short-lived photon signal upon 
reaction with a triggering solution such as H2O2. The dioxetane yields a longer- lived signal when triggered by addition 

25 of the appropriate enzyme. Each of these reagents can be bonded to one of a specific binding pair and is used in a solid 
phase sandwich immunoassay. Each signal is measured over a different time period. 

Summary of the Invention 

30 The present invention features the simultaneous detection and quantification of more than one specific nucleic acid 
sequence in a sample. Specifically, each of the labeling reagents of the present invention is linked to a specific oligonu- 
cleotide hybridization assay probe, the labeled probes are mixed and are allowed to hybridize to any nucleic acid con- 
tained in the test sample having a sequence sufficiently complementary to the probe sequence to allow hybridization 
under appropriately selective conditions. A reagent can then be added to the solution which will specifically alter the 

35 labeling reagent associated with unhybridized labeled probe while leaving the labeling reagent associated with the hybrid- 
ized probes substantially unaltered. This allows each labeling compound to be differentially resistant to loss of chemi- 
luminescent potential depending on whether the label is associated with a hybridized or unhybridized probe. In a preferred 
embodiment, the hybridized probe-associated label is so protected. 

Usually, but not necessarily, the reaction of at least two chemiluminescent reagents is initiated simultaneously, and 

40 the resulting light emitted by each chemiluminescent reagent is detected and measured essentially simultaneously. 
However in some modes of the present invention, for example in the multiple pH mode discussed below, the detection 
and measurement of one or more chemiluminescent reagent is a separate temporal event from the detection and meas- 
urement of one or more other chemiluminescent reagents. 

The emitted light may be measured differently depending on the multiple analyte detection mode desired. Thus, the 

45 light may be detected and measured: 1) at two or more different wavelengths, 2) during a predetermined time period, 
3) over more than one set of reaction conditions (such as different concentrations of hydrogen ion), or 4) in a combination 
of these methods. Depending on the mode and the specific chemiluminescent reagents chosen, the data obtained from 
this light measurement enables the separate detection and measurement of each chemiluminescent label in the test 
sample as an indication of the amount of each analyte present therein. 

50 An important feature of the present invention is therefore the design and selection of pairs or sets of chemilumines- 
cent reagents that are capable of emitting signals sufficiently distinct from each other or under sufficiently different 
conditions to be separately detected and measured upon the occurrence of one or more reaction-triggering events. 
Equally importantly, the members of each pair or set of reagents of the present invention are similarly susceptible to 
loss of their chemiluminescent reactivity and similarly resistant to said loss depending on whether coupled to hybridized 

55 or unhybridized probe. By virtue of these latter properties, the labeling reagents of the present invention are particularly 
useful in, although not limited to, a homogeneous assay system in which the presence and quantification of the analytes 
of interest may be detected and measured without the need for the analyte-bound label to be physically separated from 
the unbound label prior to detection. 
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However, Applicant contemplates that the compositions and methods of the present invention may be used in het- 
erogeneous systems or in combinations of homogeneous and heterogenous assay systems as well. Byway of illustration 
only, and not as a limitation on the scope of the present invention, such a system can involve performing a different 
hydrolysis of unhybridized probe preferentially binding the labeled hybrid (comprising a labeled single-stranded oligo- 

5 nucleotide probe and an unlabeled target nucleic acid) and not the unhybridized labeled oligonucleotide probe to a solid 
support such as a polycationic microsphere, separating hybridized, from unhybridized probe, and then measuring the 
chemiluminescence of the hybrid-associated label, either while still bound to the support or after eluting from the support. 
Methods for differentially hydrolyzing acridinium ester labels coupled to unhybridized probe over the same compound 
coupled to a hybridized probe are described in Arnold et al. . U.S. Patent No. 5,283, 1 74, which enjoys common ownership 

10 with the present invention and is hereby incorporated by reference herein. 

Thus, the method and compositions of the present invention make use of the combination of the two properties 
mentioned above: the ability of each member of a set of labeling compounds to emit a separately distinguishable signal 
(distinguishability). and the ability of each member of a set to be susceptible to loss of chemiluminescent activity or 
protected from such loss depending on whether the label is coupled to hybridized or unhybridized probe (selectivity). 

15 Both of these properties depend not only on the structure of the labeling compounds themselves but also on the molecular 
environment in which they are placed during the course of the assay. Additional factors can thus include, without limitation, 
the type and location of attachment of the label to the nucleic acid probe, the composition of the assay solution, the 
nature and reactivity of nearby chemical moieties, the steric properties of the labeling compound, and any changes in 
molecular configuration or conformation of the bound label relative to the nucleic acid probe upon hybridization of the 

20 probe to its target nucleic acid. 

The exemplary labeling reagents described herein are acridinium derivatives capable of emitting light when reacted 
with a triggering reagent, for example an alkaline solution of hydrogen peroxide. However, the Applicant contemplates 
that other chemiluminescent labels or methods (e.g. electrochemiluminescence) and triggering reagents may be used 
in the multiple analyte assay of the present disclosure, such compounds and methods being apparent to one of ordinary 

25 skill in the art in light of the disclosure of this application. Accordingly, the following examples are supplied to fully and 
clearly describe the best mode of the present invention known to the Applicant at this time and are not intended in any 
way to limit the scope of the invention. 

It is an object of the present invention to provide a rapid, cost-effective and simple method for simultaneously detect- 
ing two or more distinct nucleic acid sequences in a test sample wherein the assay may be conducted in a single assay 

30 tube. 

It is another object of the present invention to provide a rapid, non- radioactive assay for simultaneously quantifying 
more than one different nucleic acid sequence in a test sample, wherein at least two chemiluminescent labeling com- 
pounds are coupled to different oligonucleotide hybridization probes each capable of hybridizing to at least one of such 
sequences. After hybridizing, the bound chemiluminescent labels are reacted, causing them to emit light which is meas- 

35 ured in a luminometer. The wavelengths or reaction kinetics of light emission for each of the labeling compounds are 
sufficiently unique to allow the separate measurement of the amount of each labeling reagent in the test sample. A 
luminometer may measure emitted light over a range of wavelengths as a single event, or may independently measure 
each of several narrow wavelength ranges simultaneously. Examples of the latter are known to those of skill in the art. 
For example, use may be made of two or more photomultiplier tubes (PMT's), each measuring a different wavelength 

40 or range of wavelengths, to simultaneously measure the same sample, or of a diode array detector capable of measuring 
more than one wavelength of emitted light simultaneously. 

It is another object of the present invention to provide a method for the selection of sets of different labeling com- 
pounds capable of being coupled to oligonucleotide probes wherein each compound is similarly susceptible to loss of 
chemiluminescent potential depending on whether associated with a hybridized or unhybridized probe. 

45 It is another object of the present invention to provide a rapid assay method for the detection of the presence of 
more than one species of organism in a test sample. 

It is another object of the present invention to provide a sensitive assay system to detect or quantify the presence 
of more than one type of nucleic acid in a sample containing small numbers of each type of nucleic acid molecule. 
It is another object to provide chemiluminescent labeling reagents suitable for use in a multiple analyte nucleic acid 

50 hybridization assay system wherein each such reagent is sufficiently stable until reaction with a triggering reagent to be 
capable of use in a quantitative assay for the presence of multiple analytes. 

It is another object of the present invention to provide chemiluminescent labeling reagents having sufficiently different 
reaction kinetics to allow differentiation of the signals of each reaction and separate measurement of these signals. By 
way of example, the "light-off" characteristics of one member of a two member set may cause virtually all the chemilu- 

55 minescence to be emitted quickly after the triggering reagent is mixed with the bound label. The other member of the 
set may have "light-off" characteristics which involve a relatively long period of light emission following addition of the 
triggering reagent. By measuring chemiluminescence at various times after addition of the triggering reagent and per- 
forming an analysis of the light emitted during this period, the signals can be effectively differentiated and separately 
measured. 
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It is another object of the present invention to provide chemiluminescent labeling reagents which emit light upon 
"light-off" at sufficiently narrow and different wavelengths that, by choosing the appropriate wavelength ranges for meas- 
urement, the signals may be sufficiently differentiated to distinguish one bound labeling reagent from one or more other 
bound labeling reagents, even when measured simultaneously. 

5 It is another object of the present invention to provide chemiluminescent reagents designed for use as reporter 

groups, each such reagent attached to a different oligonucleotide hybridization probe capable of specifically hybridizing 
to a target nucleic acid having a sequence sufficiently complementary thereto to allow detection of the target nucleic 
acid under hybridization conditions. A feature of the preferred chemiluminescent reagents and assay method is that, 
when the oligonucleotide hybridization probe to which each such reagent is attached hybridizes to its target nucleic acid, 

10 each of the reagents of the present invention is similarly protected from degradation under conditions which will degrade 
that population of the reagents attached to unhybridized oligonucleotide probe. An additional feature of the chemilumi- 
nescent reagents of the present invention is that they are similarly susceptible to degradation when coupled to unhy- 
bridized probes. Yet another feature of the preferred method is that, although the labels are protected from degradation 
when associated with a double-stranded nucleic acid region, each such label is similarly susceptible to reaction with an 

15 appropriate triggering reagent causing initiation of a chemiluminescent reaction. 

It is another object of the present invention to provide a method for the detection and quantification of more than 
one analyte in a sample in a single analysis vessel by conducting the chemiluminescent reaction at different pH values 
by using acridinium ester derivatives which have different pH optima for the chemiluminescent reaction. This is accom- 
plished by labelling one member of an analyte:probe binding pair with a first acridinium ester and labelling members of 

20 one or more other analyte: robe binding pairs with one or more other acridinium esters. After allowing the respective 
members to bind to their analyte pair, if present, the unbound labels are selectively hydrolyzed to destroy the chemilu- 
minescent potential of the acridinium ester coupled thereto. The remaining acridinium ester, coupled to probe:analyte 
complexes, is then "lighted off" at a first pH, and the light emission characteristics of the resulting reaction are measured 
over time. The pH is adjusted to a different pH value, and the light emission characteristics again measured over time. 

25 This method is not limited to the use of two pH values: it will be readily apparent that three or more chemiluminescent 
compounds may be used that have different pH optima for the chemiluminescent reaction. Moreover, this method may 
be used in combination with other discrimination methods described herein, such as by measuring the emitted light at 
different wavelengths or observation of the reaction kinetics, employing differences in wavelength or reaction kinetics to 
measure or detect the presence of more than one analyte at each pH increment. 

30 

Brief Description of the Drawings 

Figure 1 shows the structures of representative acridinium ester derivatives used as preferred embodiments of 
labeling reagents in the present invention. For the structure of 1 - or 3-me-AE, 1 - or 3-me-o-F-AE, and 1 - or 3-me-/77-diF- 

35 AE, a methyl group is shown near the 2 position of the acridinium ring; this indicates that the methyl group may be 
attached at either the 1 or 3 position. 

Figure 2 is a chart representing predicted pairs of acridinium ester derivatives which may be used together in the 
multiple analyte assay of the present invention. A "Y" indicates that two reagents are predicted to be compatible pairs 
in the invention, and an "N" indicates that the two compounds would be predicted to be incompatible in this assay. The 

40 numbers 1 through 3 in the left-hand column of the chart indicate the type of assay system : 1 represents a homogeneous 
single-phase assay system, 2 indicates differential hydrolysis in the aqueous phase and physical separation of hybridized 
oligonucleotide probe :target complexes, 3 indicates an assay system in which no differential hydrolysis takes place, and 
in which hybridized probeitarget complexes are physically separated. The numbers separated by a slash below each 
named acridinium ester derivative are the time-to-peak and reaction duration, respectively. The numbers below this line 

45 are the half-life of hydrolysis of each labeling reagent while coupled to an unhybridized oligonucleotide probe. Finally, 
the selection criteria upon which this chart is based is shown at the top of the Figure. 

Figure 3 is a graphical representation of an example using two labeling reagents in a multiple pH mode of the present 
invention. In each of Figures 3A-C a triggering reagent was added to the solution at about interval 5, and the reaction 
mixtures were shifted from approximately pH1 2. 1 to approximately pH 1 3.0 at about time interval 90. shown as the X- 

50 axis of the graph. Figure 3A shows the emitted light of such a reaction mixture containing standard AE only Figure 3B 
shows the emitted light in a reaction containing oF-AE alone. Figure 3C shows the emitted light in a reaction mixture 
containing both standard AE and o-F-AE. 

Figure 4 is a graphic display of the overlapping characteristic light emission profiles from five different combinations 
of chemiluminescent labeling reagents over time. A triggering reagent was added to each reaction mixture at time zero. 

55 The labeling reagents used in thisfigure were: o-diBr-AE, 2, 7-diMe-AE, oMeO(cinnamyl)-AE. o-Me-AE and odiMe-AE. 
Figure 5 is a graphic display of the overlapping characteristic light emission profiles from five different combinations 
of chemiluminescent labeling reagents over time. A triggering reagent was added to each reaction mixture at time zero. 
The labeling reagents used in this figure were: odiBr-AE, a mixture of 1 - and 3-Me-AE, o-AE, o-Me-AE and o-diMe- AE. 
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Figure 6 is a graphic display of the overlapping cliaracteristic light emission profiles from seven different chemilu- 
minescent labeling reagents overtime. A triggering reagent was added to each reaction mixture at time zero. The labeling 
reagents used in this figure were: o-diBr-AE, 2, 7-diMe-AE, a mixture of 1- and 3-Me-AE, o-AE. o-MeO(cinnamyl)-AE, 
o-Me-AE and o-diMe-AE. 

5 Figure 7 shows the superimposed characteristic light emission profiles of four chemiluminescent labeling reagents 

in a multiple pH assay mode over time. The figure demonstrates the ability of the present assay to detect four analytes 
in a multiple mode assay system. 

Figures 8A through 81 graphically demonstrate the correlation between the expected light emission profiles of com- 
bined chemiluminescent labeling reagents versus the actual light emission profiles obtained. The chemiluminescent 

10 labeling reagents used were: o-diBr-AE, oF-AE, standard AE and o-MeO-AE. The chemiluminescent reactions were 
conducted in a multiple pH assay system under identical conditions. 

Figures 9A through 9D are chemiluminescent spectra of two acridinium ester derivatives; Figures 9A and 9B show 
the separate spectra of 2. 7 o-dilVIe-AE and standard AE, respectively. Figure 9C shows a computer-generated super- 
imposition of each spectrum in a single plot. Figure 9D shows the computer-generated simulation of the two spectra. 

15 

D et ailed D es cri p tion of the Prefe rr ed Embodiments 

The present invention comprises compositions and methods for the specific detection of multiple different analytes, 
preferably nucleic acids, in a single test sample. Thus, in a preferred embodiment, the invention can be used to detect 
20 the presence of more than a single nucleic acid sequence in a test or clinical sample. In a particularly preferred embod- 
iment, such nucleic acid sequence may indicate a particular disease state or infection. 

Definitions 

25 Unless expressly indicated otherwise, the following terms have the following meanings in the present application. 
By a "nucleic acid analyte" is meant at least one nucleic acid or nucleotide sequence region the presence and/or 
amount of which is sought to be detected with a single labeling reagent by the methods and compositions of the present 
invention when present in a sample. The analyte may be a single nucleic acid molecule having one or more distinct 
target regions, or more than one different molecule each one of which has one or more distinct target regions. Alterna- 

30 tlvely, an analyte may be a particular nucleotide sequence contained within a single nucleic acid; hence, a single nucleic 
acid may contain more than one nucleic acid analyte. However, the Applicant contemplates that it may sometimes be 
desirable that more than one target region, whether on the same or different nucleic acid molecules, or both, be detected 
using the same probe label. This would allow, for example, both chromosomal r-DNA and ribosomal RNA of a first 
organism to be targeted with one or more probes bearing one label, and the chromosomal r-DNA and ribosomal RNA 

35 of a second organism to be targeted by one or more probes bearing another label. In such a case the first analyte 
consists of all the targeted nucleotide sequence regions of the nucleic acid(s) of the first organism, and the second 
analyte consists of all the targeted nucleotide sequence regions of the nucleic acid(s) of the second organism. 

By "target region" or "target nucleotide sequence" is meant the portion of an analyte molecule which binds to a given 
probe or class of probes. When the analyte is one or more nucleic acid molecules, the target region has a nucleotide 

40 sequence in a region of at least one of said nucleic acids which will specifically bind a oligonucleotide hybridization probe 
under hybridization conditions which do not favor the hybridization of said probes to nontargeted nucleic acids or nucle- 
otide sequence regions. A particular target region may be completely separate from other target regions, whether con- 
tained on the same or different nucleic acid molecules. Alternatively, a given target region may, without limitation, be 
contained on the same nucleic acid molecule as another target region and overlap the other target region by one or 

45 more nucleotides, be overlapped by the other target region by one or more nucleotides, or may be contained completely 
within another target nucleotide sequence. 

By "probe", "nucleic acid probe", "hybridization probe", or "oligonucleotide probe" is meant an oligonucleotide having 
a nucleotide sequence sufficiently complementary to a target nucleotide sequence comprised in a nucleic acid analyte 
to permit said oligonucleotide to hybridize therewith under highly stringent hybridization conditions. When the word 

50 "probe" is used, it will be understood by those of skill in the art that the term applies to one or more oligonucleotide 
molecules, either identical or non-identical, which are designed, selected, and/or otherwise able to specifically hybridize 
to a target nucleic acid region. Additionally, a probe as defined herein may comprise a collection of different oligonucle- 
otide molecules targeted to one or more target regions of the same nucleic acid analyte. Thus, the term "probe" as used 
herein may mean either the singular or the plural, such meaning being made clear by the context of usage in the present 

55 specification. By definition, this term preferentially applies to oligonucleotides between 1 0 and 1 00 nucleotides in length. 
By "untargeted nucleic acids" is meant nucleic acids which are not sought to be detected in a given assay using the 
methods or compositions of the present invention. 

By "sample" or "test sample" is meant any aqueous or water- miscible solution, suspension, or emulsion suspected 
of containing one or more nucleic acid analytes. Such a sample may include, without limitation, purified or unpurified 



6 



EP 0 709 466 A2 



nucleic acids, virus particles, and/or plant, animal, protozoan or bacterial cells, and may be derived, without limitation, 
from laboratory, environmental, agricultural, food, human, animal, excretory or secretory sources. A test sample may be 
produced as the result of a pre-treatment of a previous sample, such as, without limitation, by homogenizing, concen- 
trating, suspending, extracting, solubilizing, digesting, lysing, diluting or grinding the previous sample to put the suspected 

5 nucleic acid anaiyte, if present. In a water-containing environment. 

By "chemiiuminescent label" is meant any chemical entity or compound, capable of being coupled to another chem- 
ical entity or compound, which can participate in a chemically-mediated reaction that results in the emission of light by 
way of a high energy chemical intermediate. The preferred chemiluminescent labels of the present invention are acrid- 
inium derivatives; most preferably acridimium ester derivatives. 

10 By "coupled" is meant that two or more chemical entities or compounds are joined by way of a chemical bond or 
association. Thus, the term is meant to encompass covaient bonds as well as strong non-convalent bonds such as those 
formed between avidin and biotin, or a chelating agent and one or more complexed ion. 

By "targeted" is meant that a specific chemical, physical, or biological entity is sought to be identified. As so defined, 
a chemical entity may include a portion of a larger entity, such as a nucleotide sequence region of a nucleic acid. A 

15 biological entity under this definition may include a grouping of organisms, such as one or more species, genus, class, 
family, and so forth. 

By a "light-emitting reaction" is meant a triggerable chemical reaction that results in the detectable production of 
light by one or more of the reactants. Triggerable is intended to mean that the chemical reaction is initiated by the addition 
of a reactant or energy (such as an electrical charge) to the reaction mixture, or that the reaction kinetics are made more 
20 favorable by adjustment of one or more of the reaction conditions, such as temperature or pH. 

By "sufficiently distinct" is meant that the wavelength(s) of light emission, time-to-peak, reaction duration or other 
reaction characteristics of two or more different chemiluminescent labels can be distinguished when they are combined 
in a reaction mixture and caused to emit light in a triggerable light-emitting reaction. 

By "specifically hybridize" is meant that a single-stranded nucleic acid can form a stable hydrogen-bonded duplex 
£5 with a targeted nucleic acid or nucleotide sequence region under hybridization conditions which do not favor the formation 
of stable double-stranded duplexes between the same single-stranded nucleic acid and non-targeted nucleic acids or 
nucleotide sequence regions. 

By "similarly protected" is meant that the rates of loss of chemiluminescent potential of different chemiluminescent 
labels coupled to oligonucleotide hybridization assay probes are decreased depending on whether the probe is hybrid- 
30 ized to a targeted nucleic acid or nucleotide sequence region, and that the rates of said loss are preferably within a factor 
of up to about 250 of each other under the same conditions. 

By "similarly susceptable" is meant that the rates of loss of chemiluminescent potential of different chemiluminescent 
labels coupled to oligonucleotide hybridization assay probes by exposure to a destablizing agent are within a factor of 
about 50 of each other under identical conditions. 
35 By "chemiluminescent potential" is meant the ability of a given chemiluminescent label to react in a triggerable light- 
emitting reaction. Loss of chemiluminescent potential occurs when such a chemiluminescent label is chemically 
degraded or transformed into a non-chemiluminescent compound. 

By "reaction pH optimum" or "reaction pH optima" is meant the pH value at which a chemiluminescent reaction 
involving a given chemiluminescent label will proceed with the highest emission of light under defined conditions. If more 
40 than one chemiluminescent compound is present in the same reaction mixture there may be two or more pH optima for 
the chemiluminescent reaction mixture. The yield of light emission (as a function of pH) may rise steeply as the optimum 
pH is approached, so that a given chemiluminescent label may emit little light at a first pH while the same label may emit 
much more light at a pH value 1 .0 to 0.5 pH unit different from the first. 

By "initiation" is meant the addition of energy, a catalyst or one or more reactant to a reaction mixture containing 
45 chemiluminescent reagents which will cause a light-emitting reaction to commence. 

By "acridinium derivative" is meant any of thefamily of chemiluminescent compounds based on the acridinium ring. 

By "acridinium ester derivative" is meant any of the family of chemiluminescent compounds based on the acridinium 
ring and having an ester linkage from the C-9 position. 

By "reaction kinetics" is meant the rate of a light-emitting reaction, as determined by the amount of light emitted by 
50 the chemiluminescent compound or compounds participating therein in a given time interval, as a function of time. The 
term "reaction kinetics" is thus intended to include reference to the amount of time between initiation of a chemilumi- 
nescent reaction and the maximum extent of light emission (time-to-peak), as well as the duration of light emission 
following initiation in a given reaction mixture. The reaction kinetics of a reaction mixture containing a given chemilumi- 
nescent label can be plotted as amount of light emitted In a given time period versus time, and the curve thus obtained 
55 is reproducible and characteristic for a given chemiluminescent reactant under the same reaction conditions. 

The reagents used in the preferred embodiments of the present invention are acridinium derivatives, preferably 
acridinium phenyl ester derivatives. Figure 1 shows examples of representative acridinium phenyl ester derivatives. It 
will be understood that other suitable chemiluminescent reagents and acridinium ester derivatives including other acrid- 
inium derivatives may be found suitable for use In the present invention in light of the present disclosure by routine 
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screening. Acridinium phenyl ester compounds are derivatives of acridine possessing a quaternary nitrogen center and 
derivatized at the 9 position to yield a phenyl ester moiety. Acridinium derivatives useful in the present invention, whether 
phenyl esters or not, share the property of reacting with hydrogen peroxide to form a transient dioxetan ring involving 
the C-9 carbon of the acridinium ring, followed by the formation of an excited acridone. The radiative relaxation of the 
excited acridone results in the production of light. The synthesis of acridinium esters, as well as a general description 
of their use as chemiluminescent labeling reagents, is described in Weeks et al ., Acridinium Esters as High Specific 
Activity Labels in Immunoassays . Clin. Chem . 29:1 474-1 478 (1 984), previously cited and now Incorporated by reference 
herein. 

In a preferred embodiment, acridinium esters may be attached, using standard chemical techniques, to a non- 
nucleotide monomeric unit having a primary amine "linker arm" available for bonding to the acridinium ester moiety which 
is inserted between contiguous sequences of nucleotides during the chemical synthesis of the oligonucleotides, or placed 
at a terminal position of the oligonucleotide. See, Arnold, etal. . Non-Nucleotide Linking Reagents for Nucleotide Probes, 
EPO Publication No. EPO 31 321 9 which enjoys common ownership with the present invention, and is now incorporated 
by reference herein. Thus, the linker arm moiety to which the label will be attached is placed at a predetermined position 
within the oligonucleotide. It may be placed as an insertion between or as a substitution for one or more nucleotides 
comprising a nucleic acid sequence sufficiently complementary to at least a portion of a target nucleic acid to be able 
to hybridize thereto under stringent hybridization conditions. The solid-phase synthesis of oligonucleoti(^es is well known 
in the art and is described in Brown & Brown. Modern Machine-Aided Methods of O liaodeoxvribonucleotide Synthesis 
in Oligonucleotides and Analoaues-A Practiced Approach (1991). 

Acridinium ester derivatives may be joined to the linker arm: hybridization probe conjugate using techniques well 
known in the art. Preferably, Applicants use the methods described in Nelson et al. . Detection of Acridinium Esters by 
Chemiluminescence in Non-lsotonic Probe Techniques (Academic Press 1992). Arnold M^.» Npn-Nudeotide Linking 
Reagents for Nucleotide Probes. EPO Publication No. EPO 313219, previously incorporated by reference herein. 

Thus, in one such preferred method, an N-hydroxysuccinimide (NHS) ester of acridinium (e.g., 4-(2-succinimidy- 
ioxycarbonyl ethyl) phenyl-1 0-methylacridinium 9-carboxylate f luorosulfonate) is synthesized as described by Weeks et 
aL. supra , previously incorporated by reference. Reaction of the primary amine of the linker arm:hybridization probe 
conjugate with the selected NHS-acridinium ester is performed as follows. The oligonucleotide hybridization probeilinker 
arm conjugate synthesized as described above is vacuum-dried in a Savant Speed-Vac™ drying apparatus, then dis- 
solved in 8 \l\ of 0.125 M HEPES buffer (pH 8.0) in 50% (v/v) DMSO. To this solution is added 2 \i\ of 25 mM of the 
desired NHS-acridinium ester. The solution is mixed and incubated at 37°0 for 20 minutes. 

An additional 3 |iil of 25 mM NHS-acridinium ester in DMSO is added to the solution and mixed gently, then 2 ^il of 
0.1 M HEPES buffer (pH 8.0) is added, mixed, and the tube is allowed to incubate for an additional 20 minutes at 37*C. 
The reaction is quenched with the addition of 5 ^1 0.125 M lysine in 0.1 M HEPES buffer (pH 8.0) in DMSO. which is 
mixed gently into the solution. 

The labeled oligonucleotide is recovered from solution by the addition of 30 m-I 3 M sodium acetate buffer (pH 5.0), 
245 1x1 water, and 5 \i\ of 40 mg/ml glycogen. Six hundred forty microliters of chilled 100% ethanol is added to the tube, 
and the tube is held on dry ice for 5 to 1 0 minutes. The precipitated labeled nucleic acids are sedimented in a refrigerated 
microcentrifuge at 15,000 rpm using a standard rotor head. The supernatant is aspirated off, and the pellet is redissolved 
in 20 |Lil 0.1 M sodium acetate (pH 5.0) containing 0.1% (w/v) sodium dodecyl sulfate (SDS). 

The labeled oligomer may then be purified as necessary and desired; methods for the purification of labeled oligo- 
nucleotides are well known in the art. In a preferred method described in Arnold, eLEl., Acridinium Ester L^ipelinq and_ 
Purification of Nucleotide Probes . U.S. Patent No. 5,185,439 (which enjoys common ownership with the present appli- 
cation and is incorporated by reference herein), the oligomer is purified using reverse-phase high performance liquid 
chromatography (RP-HPLC). The sample is applied to a Vydac C4 reverse-phase HPLC column and eluted with a linear 
gradient from 10% to 15% Buffer B in 25 minutes where Buffer A is 0.1% (w/v) triethylammonium acetate (pH 7.0) in 
HPLC grade water, and Buffer B is 100% acetonitrile. The absorbance of the resulting effluent is monitored at 260 nm. 
and 0.5 ml fractions are collected. The fractions are then assayed for chemiluminescence. the fractions corresponding 
to the major active peak precipitated with ethanol. and the labeled probes resuspended in 0.1 M sodium acetate (pH 
5.0) containing 0,1% SDS. 

The compositions and methods of the present invention are preferably used in conjunction with the hybridization 
protection assay (HPA) described in Nelson et al.. Detection of Acridin ium Esters by Chemiluminescence in Non-lsotopic . 
Probe Techniques (Academic Press 1 992) and Arnold gLal • , U.S. Patent No. 5.283. 1 74. incorporated by reference herein. 
In this assay format, the acridinium ester labeling reagents are susceptable to hydrolysis when bound to unhybridized 
probe but are protected from hydrolysis when bound to hybridized probe. The differential hydrolysis characteristics of 
this system allow for a homogeneous, single-phase assay wherein hybridization of probe to target, discrimination 
between hybridized and unhybridized probe, and detection and/or quantification of the labeled hybridized probe can be 
conducted in a single test tube. However, differential hydrolysis is not the only method whereby hybridized and unhy- 
bridized probe can be differentiated: other chemical modifications of the chemiluminescent label, such as adduct for- 
mation can or may be able to differentiate between chemiluminescent label coupled to hybridized versus unhybridized 
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probe. Also, the assay format described herein is also amenable to an assay format mixing elements of a homogeneous 
and a heterogeneous assay as well. 

The following examples are intended to be illustrative only, and in no way limit the scope of the present invention, 
which is defined by the claims concluding this specification. 

5 

Example 1 : Initial Testing and Screening of Various Acridinium Ester Derivatives Synthesis of AE Labeling Reagents 

N-hydroxysuccinimide (NHS) ester labeling reagents of acridinium ester (AE) derivatives were synthesized generally 
as described in Weeks et al .. supra , previously incorporated by reference. For these syntheses, materials and reagents 

10 of highest purity available commercially were obtained from Aldrich, Lancaster Synthesis and Fisher Scientific. 9-Acri- 
dinecarboxylic acid (ACA). or a methyl or dimethyl substituted derivative prepared as described below, was converted 
to the corresponding acridine acid chlorides by refuxing for 4 hours in thionyl chloride. Commercially available hydrox- 
yphenyl- or hydroxynaphthyl acids - namely. 3-(4-hydroxyphenyl)propionic acid, 3-(4-hydroxy-3-methoxyphenyl)propi- 
onic acid, 4-hydroxy-3-methoxycinnamic acid, and 6-hydroxy-2-naphthoic acid - were converted to benzyl (Bz) esters 

15 by treating their potassium salts with benzyl bromide in 95% ethanol (EtOH) solution under ref luxing conditions for about 

3 hours. These benzyl esters were then allowed to react with the acridine acid chlorides in anhydrous pyridine for about 

4 hours at room temperature to give the acridine esters. The benzyl ester protecting groups were hydrolyzed by treating 
the acridine esters with 30 wt.% hydrogen bromide (HBr) in acetic acid (HOAc) for about 4 hours at 60^C. The resulting 
acid was converted to the N-hydroxysucclnimide (NHS) ester reagent using dicyclohexylcarbodiimide (DCC) catalysis 

20 in anhydrous tetrahydrofuran (THF). Finally, transformation to the methyl acridinium labeling reagent was accomplished 
by methylation of the acridine by treatment with excess methyl trifluoromethanesulfonate (methyltriflate) in anhydrous 
methylene chloride for 5 to 24 hours at room temperature. The NHS-ester labeling reagents used for the standard-AE. 
naphthy!-AE, o-MeO-AE and o-MeO-(clnnamyl)-AE were prepared in this way The NHS-ester labeling reagents used 
for 4.5-diMe-AE, 2,7-dil\/le-AE, and the mixture of 1 - and 3-Me-AE. required synthesis of methyl and dimethyl substituted 

£5 ACA's as described below. 

The 4,5- and 2,7-dimethyl substituted derivatives of 9-acridinecarboxylic acid (ACA) were prepared through the 
reactions of oxalyl chloride with dimethyl substituted diphenylamines to provide isatin intermediates, followed by rear- 
rangement to produce the corresponding substituted acridlnes essentially as described for 4,5-dimethylacridine-9-car- 
boxyllc acid by M.S. Newman and W. H. Powell, J. Org. Chem. . 26 (1961): 812-815. First. 2,2'-dimethyldlphenylamine 

30 and 4,4'-dlmethyldiphenylamlne were prepared by reacting 2- or 4-methylformaniiide with a slight excess of 2- or 4- 
bromotoluene, respectively, in the presence of anhydrous, sodium carbonate and traces of copper in nitrobenzene at 
200*'C for 24 hours. Hydrolysis of the resulting N.N-diphenylformamides was accomplished by refluxing them in a 1:1 
(v/v) mixture of concentrated HCI in acetic acid (HOAc) for 5 hours to provide the dimethyldipheny! amines in good yields 
after purification over silica. Preparation of the dimethyl substituted acrldinecarboxylic acids via isatins then proceeded 

36 by reacting the 2,2'-dimethyldiphenylamine or 4.4'-dimethyldiphenylamine prepared above with oxalyl chloride in reflux- 
ing carbon disulfide for about 3 hours. After evaporation of the solvent and excess reagents, the yellow residue was 
taken up into fresh carbon disulfide and treated with aluminum chloride over a period of about 30 minutes, refluxed for 
4 hours and set aside at room temperature overnight. Following evaporation of solvents, the residue was partitioned 
between methylene chloride and cold 10% (v/v) concentrated HCI. The orange isatins were recovered in the organic 

40 layer. Finally, treatment of the isatins with 10% (w/v) potassium hydroxide (KOH) for 12 hours under refluxing resulted 
in formation of 4,5-dimethylacridine-9-carboxylic acid (4,5-diMe-ACA) and 2,7-dimethylacridine-9-carboxylic acid (2,7- 
diMe-ACA), respectively In a similar manner, 3-methyldiphenyIamine was treated with oxalyl chloride and aluminum 
chloride to afford a mixture of methylphenylisatins which, after rearrangement by treatment with KOH, as described 
above, yielded a mixture of 1- and 3"methylacridine-9-carboxylic acid (1- and 3-Me-ACA). Esterification of 4,5-diMe- 

45 ACA, 2.7-diMe-ACA, or the mixture of 1 - and 3-Me-ACA with the benzyl ester of 3-(4-hydroxyphenyl)propionate and the 
subsequent reactions described above afforded the NHS ester labeling reagents used for 4,5-diMe-AE. 2,7-diMe-AE, 
or the mixture of 1 - and 3-Me-AE, respectively 

Several substituted hydroxyphenylpropionic acid derivatives, not available commercially were prepared by conven- 
tional methods. 3-(4-Hydroxy-3,5-dibromophenyl)propionic acid was prepared by bromination of 3-(4-hydroxyphe- 

50 nyi)propionic acid with bromine in glacial acetic acid (HOAc). 3-(2"Hydroxyphenyl)propionic acid was prepared by 
hydrogenation of 2-hydroxycinnamic acid over palladium-on-carbon in absolute ethanol (EtOH). Acridinium ester (AE) 
preparation couid then proceed by coupling ACA with the benzyl esters of these acids as indicated above to provide the 
NHS-ester labeling reagents used for o-diBr-AE and orthoAE, respectively. 

Additionally, the propionitrile derivatives of several substituted phenols namely 2-methylphenol, 2,6-dimethylphe- 

55 nol, 3,5-dimethylphenol, 2-fluorophenol. and 3.5-difIuorophenol - were prepared by cyanoethylation via aluminum chlo- 
ride catalyzed condensation of acrylonitrile with the phenol and isolation of the corresponding substituted 4- 
hydroxyphenylpropionitrile. These hydroxyphenylproplonitrile derivatives were then reacted with the acridine acid chlo- 
rides and the resulting ester compounds were treated with hydrogen chloride to hydrolyze the nitriles to corresponding 
propionic acid derivatives which could be processed further as described above to afford the corresponding AE-NHS 
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ester labeling reagents. Alternatively, the propionitriles could be first hydrolyzed to the corresponding propionic acid 
derivative and synthesis could proceed via the benzyl ester. The final steps to produce the AE-NHS reagents were the 
same as indicated above. The NHS-ester labeling reagents used for odiMe-AE. m-diMe-AE. o-Me-AE, o-F-AE. 1 - or 3- 
Me-o-F-AE, and 1 - or 3-Me-m-diF-AE were prepared in this manner. 

It will be clear to those of skill in the art that these synthesis schemes may be utilized more generally to make 
additional and different acrldinium ester deriviatives for characterization and screening as disclosed below. 

Characterization and Screenino of AE Derivatives 

The chemiluminescence and hydrolysis characteristics of these derivatives were compared to those of standard AE 
(4-(2-succinimidyloxycarbonyl ethyl) phenyl-10-methylacridinium 9-carboxylate fluorosulfonate). 

Exemplary AE derivatives used to demonstrate the present invention were naphthyl-AE, o-diBr-AE. a mixture of 1- 
and 3-Me-AE. 4,5-diMe-AE, 2.7-diMe-AE, o-diMe-AE. oMe-AE, m<liMe-AE, o-MeO(cinnamyl)-AE, o-MeO-AE, o-AE 
(an acridinium ester derivative having the nucleic acid-coupling linker arm attached to the phenyl ring at the ortho posi- 
tion), o-F-AE. a mixture of 1- and 3-Me-o-F-AE, standard AE, and a mixture of 1- and 3-Me-m-diF-AE (see Figure 1). 
1 -Me-AE. 1 -Me-o-F-AE, and 1 -Me-m-diF-AE were only present in a mixture with their 3-methyl isomers; as used in this 
application, these nomenclatures will be understood to mean a mixture of the corresponding 1 - and 3-methyI derivatives. 
As shown in Figure 1 , these compounds were used to label various oligonucleotides to be used as hybridization probes. 
It will be understood by those of skill in the art that the present invention does not depend on the use of any particular 
probe-target combination. Thus, to choose two or more mutually exclusive probe-target combinations for use with the 
presently disclosed assay would be routine in light of the present disclosure. 

The oligonucleotides were synthesized to contain phosphodiester bonds using standard solid-phase phosphora- 
midite chemistry using a Biosearch 8750 or ABI 380A DNA synthesizer, and purified using polyacrylamide ge! electro- 
phoresis; oligonucleotide synthesis and gel purification techniques are well known in the art ( see e.g. . Sambrook elM.. 
supra , previously incorporated by reference). Various non-naturally-occurring oligonucleotides, such as those having 
modified inter-nucieotide linkages such as phosphorothioate linkages or those having sugar or base modifications, are 
also known in the art and may have advantages such as increased stability in certain applications; these nucleic acid 
analogs are also contemplated to be used as part of the invention of the present application. 

As previously referred to, a linker arm terminating in a primary amine was incorporated into each oligonucleotide's 
structure at a predetermined position in the nucleotide sequence of the oligonucleotide, thus constituting an insertion 
between nucleotides in the sequence. See e^. Arnold etal.. Non-Nucleotid e Linking Reagents for Nucleotide Probes. 
supra , previously incorporated by reference herein. The AE derivatives were linked to the oligonucleotide via the primary 
amine of the linker arm, also as detailed above. The labeled probes were characterized and compared with regard to 
their chemiluminescent, hybridization, and differential hydrolysis properties. 

Ten microliter aliquots of the labeled probes were transferred to 1 2 x 75 polystyrene tubes, and chemiluminescence 
was measured in a LEADER® 50 luminometer(Gen-Probe Incorporated, San Diego. C A) by the automatic injection of 
a solution of 200 \i\ of 0.1% H2O2 and 0.4 N HCI, a 0.1 to 2 second delay automatic injection of 200 ^il of 1 N NaOH. 
and measurement of the chemiluminescence for 5 seconds. The final pH is approximately 13. 

The particular luminometer described herein measures light between wavelengths 300 to 650 nm; it will be under- 
stood that a luminometer need not detect emitted light in this range of wavelengths in order to be useful in the methods 
and compositions of the present invention. In fact, in certain modes of the present method, for example, in a multiple 
wavelength mode, it may be useful or necessary for a luminometer to measure emitted light over a broader or narrower 
range of wavelengths than is herein described, or over more than one more narrow wavelength independently and 
simultaneously. Thus, the breadth of wavelengths monitored in the example described herein should be understood as 
being exemplary and is not a limitation on the scope of the present invention. 

The chemiluminescent reaction characteristics were determined by measuring the light emitted by the reacting 
acridinium ester derivatives. The emitted light was quantified by the luminometer using relative light units (RLU). a unit 
of measurement indicating the relative number of photons emitted by the sample at a given wavelength or band of 
wavelengths. The light was detected at multiple time points during the 5 second measurement period. From these data 
the length of time required for each labeled oligonucleotide to reach peak light emission ("time-to-peak"), and the duration 
of the light emission, were determined. "Duration" was arbitrarily defined to mean the time required for the RLU to reach 
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10% of baseline after the peak emission had occurred. These data are presented in Table 1 below. 

TABLE 1 





LIGHT-OFF CHARACTERISTICS 




5 


Compound 


Standard Conditions 


Optimal Conditions 












Peak 


Duration 


pH 


Peak 


Duration 




Std-AE 


0.4s 


3.0s 


11.9 


0.75s 


>5s 


10 


Naphthvl-AE 


0.32s 


0.5s 


10.2 


0.5s 


>5s 




o-diBr-AE 


0.28s 


0.42 


10.2 


0.5 


>5s 




1-Me-AE 


0.5s 


3.0s 


11.9 


0.75s 


>5s 




4.5-diM9"AE 


0.5s 


1.8s 


11.9 


1.0s 


>5s 


15 


2.7-diMe-AE 


0.5s 


1.8s 


11.9 


1.3s 


>5s 




o-diMe-AE 


0.25s 


>80s 


13.0 


0.25s 


>80s 




o-Me-AE 


4.0s 


40s 


13.0 


0.25s 


3.0s 


20 


m-diMe-AE 


0.36s 


2.3s 


nd 


nd 


nd 




o-MeOfclnnamvl)AE 


0.6s 


8.0s 


13.0 


0.5s 


3.8s 




p-MeO-AE 


0.35s 


0.5s 


11.9 


0.5s 


>0.8s 




o-AE 


0.9s 


5.0s 


13.0 


0.5s 


>5s 


25 


o-F-AE 


0.16s 


0.38s 


11.2 


0.6s 


1.2s 




1-Me-o-F-AE 


0.18s 


0.46s 


12.0 


0.6s 


1.2s 




1-Me-m-diF-AE 


0.25s 


0.45s 


11.3 


nd 


nd 



30 



Additionally, the pH required for each labeled probe to emit the maximum amount of tight was also determined and 

defined as the "optimal pH". In this determination, the reaction was initiated as described above except that the first 
35 reaction solution contained 0.1 N HCl rather than 0.4 N HCI, and rather than using NaOH, the second reaction solution 

was 0.24 M sodium borate buffer titrated to various pH values. The "time-to-peak" and duration were calculated for each 

labeled probe at the optimum pH. These data are also found in Table 1 . 

After determining the chemiiuminescent reaction kinetics of the labeled oligonucleotides, the hybridization and 

hydrolysis characteristics of each oligonucleotide were investigated. The AE hydrolysis characteristics for each hybrid- 
40 ized and unhybridized labeled oligonucleotide were determined at a range of temperatures and pH values as described 

in Nelson et al, supra , previously incorporated by reference herein and as briefly summarized here in the following 

examples. 

Example 2: Determination of Hvdrolvsis Characteristics of Acridinium Ester Derivatives 

45 

This example demonstrates a preferred method for screening individual chemiiuminescent labels to determine their 
hydrolysis characteristics, such as the rate of hydrolysis, when coupled to hybridization assay probes. In particular, the 
method is useful for a preliminary determination of the suitability of one or more acridinium ester derivatives for use in 
a multiple analyte assay system. Although this method illustrates a preferred method of chemically distinguishing hybrid- 
50 ized from unhybridized labeled oligonucleotide probes, other methods of chemically or physically separating single- 
stranded from wholly or partially double-stranded nucleic acids, such as hydroxyapatite adsorption, gel filtration, or 
reverse-phase chromatography are well known to those of skill in the art. 

General Procedure for Measuring Hvdrolvs is of Free Probe 

55 

Generally, each candidate acridinium ester is coupled to a single-stranded oligonucleotide hybridization assay probe 
and the probe:AE ester purified, as described above. Ten microliters of each acridinium ester-labeled probe dissolved 
in PSB (10 mM lithium succinate (pH 5.2), 0.1% lithium lauryl sulfate) were added to a 12 x 75 mm polystyrene test 
tube. Multiple replicate tubes are made for each labeled probe to be tested; Applicants usually use 13 replicate tubes 
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for each labeled tube three of which are used as "time zero" (To) controls. The To controls are placed In a test tube rack 
at room temperature. To each of these tubes is added 200 fxl 0.4 N HCI and 0.1% (v/v) H2O2. followed by addition of 
100 al of Hydrolysis Buffer (0.13-0.19 M Na2B407 (pH 7.6-9.5) and 2-5% (v/v) polyoxy ethylene ether (sold under the 
trade name TRITON® X-1 00 by Sigma Chemical Co., St. Louis. MO). Applicants have found the order of addition at this 
step to be important. Reagent blanks (negative controls) contain 10 i^l of PSB alone and are then treated as are the To 
controls. 

One hundred microliters of Hydrolysis Buffer are given to each of the 1 0 remaining replicates a test tube rack, and 
the rack is shaken to mix. The test tube rack is Immediately placed in a circulating water bath at SO-C (or any other 
desired test temperature) and timing is initiated. . „ , . , , n >, m ur-i 

At desired time points (for example 1. 2. 4. 7, 10, 20, 30. 40. and 50 minutes). 200 nl of a solution of OA N HCI, 

0 1% (v/v) HzOz are added to one tube from each set and the tube is immediately removed from the water bath to room 
temperature and mixed. The tube is allowed to stand at room temperature for at least 1 minute. 

The chemiluminescence of each sample is measured in a luminometer, by a single injection of a solution containing 

1 N NaOH and measurement of the chemiluminescence for 5 seconds. The average RLU's of the negative controls are 
subtracted from the experimental RLU's. The net RLU's for each sample can then be divided by the average To RLU s 
and multiplied by 100; this yields the %To values; the data can be plotted with log (%To) as the y-axis and time as the 
X-axis. 

Differential Hvdrolvsis (DH^ Ratio Determination 

The following is a generalized procedure for measuring the ratio of the hydrolysis of the chemiluminescent label 
coupled to a hybridized oligonucleotide probe as compared to the hydrolysis of the same label coupled m the same 
manner to the same probe unhybridized to its target nucleic acid. , „ . 

Hybridization of the labeled single-stranded oligonucleotide probe is accomplished as follows. Thefollowmg reagents 
are combined in a 1 .5 ml microcentrifuge tube for each acridinium ester labeled probe to be tested: 15 jil of a solution 
of PSB containing 0.05-0. 1 pmol of the AE-labeled probe (a calculated total RLU potential of about 4-5 x 1 06) 0.5-1 .0 
pmol equivalents of the target nucleotide sequence (e.g., 0.25-0.5 pmol of a nucleic acid having two copies of the target 
nucleotide sequence), and 5-10 pmoles each of any desired helper probes to facilitate hybridization of the probe to the 
target nucleic acid. Helper probes, also called helper oligonucleotides, are unlabeled oligonucleotides used to increase 
the rate to hybridization by disrupting the secondary structure of the target nucleic acid in the area of the target nucleo ide 
sequence (see Hogan et al., U.S. Patent No. 5.030.557, which enjoys common ownership with the present application 
and is incorporated by reference herein). However, the use of helper probes is not essential to the operation of the 

present invention. • x / u=o^ 

The microcentrifuge tube is also given 15 nl of 2 x Hybridization Buffer (200 mM lithium succinate (pH 5.2) 7/o 
(w/v) lithium lauryl sulfate, 3 mM EDTA (ethylenediamine tetraacetic acid) and 3 mM EGTA ([ethylenebis (oxyethyleni- 
trilo)]-tetraacetic acid)). The tube is incubated at a temperature at least about 5°C below the Tm of the probe:target 
duplex for at least 30 minutes, then 270 t^l of 1 x Hybridization Buffer is added. Separate tubes should be made up for 
each chemiluminescent labehprobe combination; one tube from each set (labeled "Hybrid") should contain the labeled 
probe the target nucleic acid, and the reagents, another tube (labeled "Control") should be made up using the same 
probe and reagents without the target nucleic acid. Finally, for each experiment a "Blank" set of Identical tubes should 
be made up using the hybridization reagents without labeled probe or target nucleic acid. ^ ■ 

Ten microliter aliquots of each tube are pipetted into 12 x 75 mm polystyrene tubes; the number of such tubes is 
equal to the number of time points to be analyzed, plus three tubes for TO determinations, as descnbed above. 

The three TO replicate tubes are given 200 fil 0.4 N HCI. 0.1% (v/v) H2O2. followed by 100 nl of Hydrolysis Buffer. 
The tubes are then read in the luminometer. using a single injection of 1 N NaOH. over a period of 5 seconds. The 
reagent "Blank" controls, containing 10 jil of PSB alone, are prepared in a set of 3-6 tubes and treated the same way 

^"rh^'Hybrid" and "Control" tubes are also given 100 \i\ of Hydrolysis Buffer, mixed, and placed In a circulating water 
bath at the desired temperature, e.g.. GO'C. The timer is started. ^ 

At the desired time points, one tube from each set is given 200 nl of 0.4 N HCI. 0.1% (v/v) H2O2, removed from the 
water bath and mixed. The tubes are allowed to sit at room temperature for at least one minute. 

The chemiluminescence of the time point samples from each set of tubes Is measured in a luminometer using an 
Injection of 1 N NaOH. The emitted light is measured for 5 seconds. . • ♦ 

The data Is analyzed as described above. The hybrid hydrolysis rate, expressed as the half-life (T1/2) in minutes, 
is divided by the control hydrolysis rate to obtain the differential hydrolysis (DH) ratio. These results are summanzed in 
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Table 2 below, 

TABLE 2 



5 


HYDROLYSIS CHARACTERISTICS 




Compound 


t1/2 (min) 


Rate of Hydrolys is 










Temp. 


PH 


Hybrid 


Control 


Ratio 




Std-AE 


60«C 


7.6 


18.1 


0.67 


27.0 


10 


Naphthyl-AE 


60°C 


7.6 


5.32 


0.52 


10.2 




o-dl-Br 


eo'^c 


9.1 


12.7 


1.23 


10.3 




1-Me 


eo^^c 


7.6 


215 


2.0 


108 




4,5-di-Me-AE 


eo'^c 


9.1 


99.7 


0.65 


154 


15 


2,7-di-Me-AE 


60°C 


9.1 


77.0 


0.88 


87.8 




oMe-AE 


60°C 


9,1 


13.3 


0.25* 


53.2 












2.80* 


4.8 


20 


o-MeO(cinnamyl)-AE 


60^C 


7.6 


63.2 


2.1 


30.2 




o-MeO-AE 


60°C 


7.6 


27.8 


0.92 


30.2 




ortho-AE 


60°C 


7.6 


12.7 


1.23 


10.3 




o-F-AE 


55^C 


7.6 


57.7 


0.92 


62.4 


25 


1-Me-O-F-AE 


55«C 


7.6 


111 


3.19 


34.9 




2,7-diMe-o-F-AE 


55^C 


7.6 


317 


8.99 


35.3 




i-Wle-m-dlF-AE 


55^C 


7.6 


179 


2.24 


79.9 



30 *blphaslc 



35 



40 



45 



50 



55 



From the data presented in Table 1 . it was found that sets of compounds could be selected, the members of which 
have sufficiently distinct chemiluminescent properties to be used as labeling reagents for the simultaneous detection of 
more than one analyte in the same tube. Surprisingly, as illustrated in Table 2. Applicants found that some of these sets 
also contained member compounds having similar hydrolysis characteristics; i.e., the hybridized AE label was not only 
preferentially protected from hydrolysis as compared to the unhybridized label but the rates of hydrolysis of the members 
within certain potential sets were substantially similar. Figure 2 shows a listing of examples of sets comprising pairs of 
such member compounds. The examples cited therein are in no way intended to limit the present invention to these 
embodiments. Although this Figure illustrates the potential applicability of AE derivatives as combined pairs of labeling 
reagents it will be understood that sets of greater than two member compounds may be designed using the selection 
criteria listed in this Figure and disclosure. Moreover, the fact that certain member compounds are grouped in a set 
together should not in any way be taken to mean that these are the optimal or sole groupings of these particular com- 
pounds, or that other compounds would not also function as indicated. The present invention is defined solely by the 
claims. The acridinium ester sets listed in Figure 2 are candidates for use In at least one mode of the present invention. 

Example 3: Mode 1: Constant dH. Simultaneous Rftaritinn Initiation 

There are several modes in which the chemiluminescent signals of labeling reagents can be used to detect more 
than one nucleic acid analyte in a single sample tube according to the present invention. This and the following examples 
are illustrations of such modes. However, by those examples Applicants do not intend to limit the number or description 
of possible assay modes, or the composition or combination of labeling reagents for use in the present invention. 

A first experiment tested the chemiluminescence characteristics of the AE labeling reagents coupled to single- 
stranded oligonucleotides in the absence of a target nucleic acid. Single-stranded oligonucleotides were designed to be 
complementary to RNA targets derived from Escherichia coli or Chlamydia trachomatis. The oligonucleotides were 
labeled as described above: the o-diBr derivative was coupled to an oligonucleotide specifically complementary to 
coli target RNA. while a mixture of the 1- and 3-Me derivatives were used to label an oligonucleotide specifically com- 
plementary to C. trachomatis target RNA. The labeled oligonucleotides were diluted into 10 mM lithium succinate (pH 
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10 



5 0) and 0.1% (w/v) lithium lauryl sulfate such that 1 0 m of the resulting solution contained about 200,000 RLU (approx- 
imately 0.002 pmoles) of each oligonucleotide. Ten microliters of each oligonucleotide were combined with 10 |il of the 
same dilution buffer in separate tubes; additionally. 10 jil of each labeled oligonucleotide were cotribmed in a single uba 
Two hundred microliters of a solution containing 0.1 N HCI, 0.1% H^2 were given to the tube followed by 100 jil of a 
solution containing 0.19 M Na.B40r (pH 7.6) and 5% (v/v) TRITON® X-100. The resulting s°'";°"J^f„P'^.^!j ^ 
LEADER® 50 luminometer. and chemiluminescence was measured at various intervals following iniection of 200 |xl of 
1 N NaOH into the sample solution. The luminometer was placed in "kinetic analysis" mode during the experiment; this 
allowed the collection of RLU data points at predetermined time inteivals after initiation of the chemiluminescence reac- 



tion. 



In another experiment, the same labeled oligonucleotides were each hybridized with an excess of their r^pective 
target RNA as described in Nelson et al.. supra, previously incorporated by reference herein. The hybridization was 
performed in a 50 ^1 reaction volume and incubated at S5' C for 60 minutes. The final solution for hybridization contained 
1 00 mM lithium succinate (pH 5.2). 8.5% (w^ lithium lauryl sulfate, 1 .5 mM EDTA and 1 .5 mM EGTA. Tub^conta^ing 
50 Lil of each individual probeitarget hybridization mixture alone, or a combination of both hybridization mixtures, were 
given 150 jtl of 0.19 M sodium tetraborate (pH 7.6) in 5.0% (v/v) TRITON® X-100. The final amount of each labeled 
oligonucleotide was about 0.002 pmoles for each experimental tube. The samples were placed into a LEADER 50 
luminometer, and chemiluminescence was initiated with the addition of 200 nl of 0.1% (v/v) H^O. in l.mM HNO3 and, 
after a 0.1 to 2 second delay, an automatic injection of 200 (.1 of 1 N NaOH. Chemiluminescence was measured for 
various times. Again, the luminometer was placed in "kinetic analysis" mode during the experiment; this allowed the 
collection of RLU data points at predetermined time intervals after initiation of the chemiluminescence reaction. 



25 



30 



as 



40 



45 



50 



55 
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The data gathered for the unhybridized labeled oligonucleotides is shown in Table 3 below. 

TABLE 3 



5 


Number 


o-diBr-AE 


1 or 3-Me-AE 


O-diBr 
1 or 3 




1 


244 


35 


704 




2 


19152 


293 


21995 


10 


3 


41101 


1882 


40563 




4 


44573 


4056 


45306 


15 


5 
6 


33485 
17325 


6496 
8004 


34719 
23182 




7 


12622 


8648 


20631 


20 


8 


6118 


9346 


16696 




9 


2345 


9300 


12626 




10 


956 


8769 


10243 


25 


11 


521 


8376 


9392 




12 


360 


7727 


8498 


30 


13 


262 


7314 


7860 




14 


225 


6822 


7334 




15 - 


187 


6358 


6858 


JO 


16 


161 


5950 


6463 




17 


142 


5457 


5935 


40 


18 
19 


133 
116 


5149 
4776 


5489 
5071 




20 


106 


4454 


4840 


45 


21 


93 


4111 


4448 




22 


86 


3840 


4155 


50 


23 
24 


83 
73 


3575 
3320 


3915 
3615 




25 


62 


3089 


3370 



55 
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26 


58 


2852 


3157 


27 


57 


2675 


2927 


28 


51 


2477 


2781 


29 


52 


2296 


2533 


30 


53 


2139 


2410 


31 


46 


1996 


2230 


32 


43 


1855 


2063 


33 


39 


1702 


1921 


34 


37 


1592 


1790 


35 


33 


1468 


1669 


36 


37 


1381 


1563 


37 


35 


1289 


1456 


38 


33 


1189 


1358 


39 


29 


1101 


1278 


40 


30 


1035 


1191 


41 


26 


962 


1119 


.42 


26 


891 


1031 


43 


26 


846 


974 


44 


25 


765 


905 


45 


25 


730 


841 


46 


20 


689 


797 


47 


21 


638 


742 


48 


18 


581 


700 


49 


19 


539 


655 


50 


20 


503 


597 



in this experiment the chemiluminesoence was measured tor a total of 2 seconds wrth readings at 'Nervals of a04 
seconds The results show that the o-diBr-AE label has a sharp peak of light emission wh.ch occu>^ "".^^^^^f^' 
theStion of thechemiluminescencereaction. The peak of light emissi^ 
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0 16 seconds after initiation, and then the signal decays rapidly. By contrast, the light emitted by the mixture of 1 - and 
3-Me-AE derivative peaks at about interval 8 (0.32 seconds after initiation) and decays slowly thereafter. iVloreover. in 
the later intervals (intervals 14-50, and particularly intervals 41-50) the signal from the o-diBr-AE derivative is almost 
zero while the signal from the 1 - and 3-Me mixture is still significantly greater than background. The data from the sample 
containing both labels approximates the sum of the two individual data sets at each point. 

The data obtained from the experiments involving the hybridized samples of the two labeled oligonucleotides is 
shown in Table 4 below. 



10 


Interval 


o-diBr-AE 


TABLE 4 

1 or 3-Me-AE 


o-diBr-AE + 
1 or 3-Me-AE 




1 


1082 


0 


464 


15 


2 


21715 


208 


19608 






46504 


1242 


49854 




4 


53824 


3104 


55250 


20 


5 


49288 


5474 


50275 




6 


35382 


7902 


39082 


25 


7 


28444 


10110 


36476 




8 


26001 


12063 


35488 




9 


20463 


13638 


30522 


30 


10 


13750 


14681 


24878 




11 


8712 


15476 


21394 


35 


12 


5460 


158 92 


20156 



40 



45 



50 



55 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 



3566 

2438 

1802 

1402 

1106 

899 

765 

648 

560 

484 

430 

380 

334 

308 

274 

250 

230 

200 

185 

172 

154 

141 

144 

128 

128 

114 

103 

100 



16138 

16180 

16048 

15756 

15416 

15044 

14470 

14001 

13444 

12986 

12438 

11923 

11444 

10931 

103 82 

9926 

9598 

9093 

8692 

8306 

7916 

7587 

7232 

6912 

6567 

6238 

5980 

5695 



19170 

18450 

17786 

17146 

16362 

15840 

15062 

14426 

13754 

12128 

12516 

11950 

11337 

10856 

10311 

9816 

9346 

8838 

8480 

8040 

7680 

7291 

6896 

6614 

6295 

5960 

5658 

5450 
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41 


96 


5384 


5165 


5 


42 


96 


5136 


4900 




43 


88 


4932 


4688 




44 


79 


4697 


4430 


10 


45 


81 


4522 


4230 




46 


75 


4280 


4037 


15 


47 


75 


4043 


3850 




48 


71 


3901 


3683 




49 


65 


3680 


3486 


20 


50 


66 


3532 


3318 



26 



30 



40 



45 



50 



The time intervals were the same as in Table 3. In this case, the difference between the emission characteristics of 
the io lab Js was even more clearly distinguishable than in the previous e^eriment: the peak ^ i^^yj^^^^^^^^^^^ 
diBr-AE occurs again in about interval 4; however, the peak for G, frachomatig -hybridized 1 -Me-AE is at approximately 
frTer^aluXn during the later intervals (^^^^^^ 

s Xost aone while the signal from the 1 -Me-AE derivative is still significant. And again the profile o the samp e 
coSing a mixtu?^^^^^^^^ hybridized labeled oligonucleotides approximates the sum of the two individual sample 

'^'''SeslXldemonstrate the applicability and utility of one mode of the method and -oposi^ns of the presem 
invention The signal obtained in a single test tube containing two different oligonucleotides labeled with specific AE 
Sves as sS forth in the present example is clearly made up of two components, one <=°™^d^by ^^"i;^^^^^ 
reaSg ^uS<ly decaying spedes (for example, the o-diBr-AE), and the other contributed by a species which .s slower 
oSaS de?i (Sexa,^3le. the 1 - and 3-Me-AE mixture). By designing two detection time periods for analysis an 
earfvtneSSK 

;Ses aSS al^^tT one for example, intervals 41-50: 1.64 - 2.0 seconds) for the detection of analyte associated with 
Swry-reac^ng species, the method and reagents of the present invention permit virtually simultaneous detecton 
of different nucleic acid sequences in a single sample. . , ■ «+u^ ^niinwc 

The raw data obtained from this experiment was treated further using a reiterative data analysis ^ 
Samples containing only one labeled probe were used as standa«ls for data analysis. For each ^tendard the r^^^^^ 
between the sum of the RLU values obtained in intervals 1 -10 and the sum of the RLU values obtained in intervals 41- 
S w^dlEre^ i RLU 41-50/1 RLU 1-10); for O-diBr-AE this ratio was 0.00267 and for 1-Me-AE the rajo was 0.645. 
The chemiiuminescent Signals measured in intervals 41-50 (in RLU) were ^^^^^ 

the ratio obtained for the 1- and 3-Me standard. The resulting figure is the amount o'l^LU contrJuted in interval 1^^ 
by 1- and 3-Me-AE-labeled probe. This amount, subtracted from the total RLU in intervals 1-10 9'ves the amount of 
RLU comrLted in these Intervals by o-diBr-AE. The latter number when multiplied by 0.00267 we^^^^^^^^ 
vlelds the RLU within the intervals 41-50 which were contributed by o-diBr-AE-Iabeled probe. When this figure is suD 
SLTom *e^^^S RLU in intervals 41-50. a corrected value for the RLU contributed by 1-Me-AE i" this interval is 
"efdfd. ThTs number was used to repeat the calculation described above until the RLU «=„°"Jf;''^^^^^^^ 
intervals 41 -50 did not change within the chosen number of significant figures. An illustration of the method, as applied 
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to the raw data of Table 5, is indicated below. 



TABLE 5 



Observed RLU 


Initial Calcula tion 


First Correct ion 


Second 
Correct ion 










Intervals 


Sum 


1-Me 


diBr 


1-Me 


diBr 


1-Me 


diBr 


1-10 


341,89 


64.788 


277,1 


63,63 


278,25 


63.631 


278.26 




6 




08 


9 


7 




5 


41-50 


41 J88 


41.788 


741 


41.04 
7 


746 


41.042 


746 



A oersonal computer was programmed to perform these calculations. The raw data was fed directly from the lumi- 
nometSTthe co""^;^^^ using the machine's RS-232 port, and the data processed as described foyejhe intervals 
us^d in the above analysis may differ depending on the labeling reagent chosen and .t is not -^f^^atory that the spec,, c 
SSrvall iLSed S^ove or in the following examples be used. Moreover, while the data analysis mettiod disctosed in 
; rirmS warpifor-^ed on data obtained in experiments using two chemiluminescent compounds, it will be clear 
o onroT sSirrn the art that these same methods can be used to process data obtained from more than two such 
compouXrovii^^^ that the reaofion characteristics of each compound are sufficiently different from the others. 

Fvamplft A: Mode 2: Seaufintial React ion at Different pH Values 

in another mode the reagents and method of the present invention m^ be f to d^e^ an^^^ rrDrSlS 
one analvte in a sample by initiating the chemilumlnescence reaction at different pH values. At the first pH. cnemMum 
SeLert Sins Z be initiated for example by the addition of sodium peroxide and base in an appropriate b^«^ 
cauS one orrJore of the labeling reagents to emit measurable light while one or more additional labeling reagente 
Slfr^Jreart torappreciable exTent at that pH. The amount of light emitted at the first pH may be -measured .n a 
TuminlS Jdditlon'iy, the emitted light may be measured over a period of time, and t^e P^^l^* 
nto intervals as detailed above for a kinetic analysis of the reaction. After measurement at a given pH. the pH of the 
es, bTadTusted to a value at which one or more other chemiluminescent labeling ^easer, s may react^ 

WWirthe data presented herein illustrates this mode of the invention using two AE derivatives it b« cjear to o^^^ 
skilled in the art in Hght of this disclosure that more than two pH values may be used in the method of this inventioa 
MTeoverinlightof^^S^^^^^ 

Sn r^a^be oombhTed fn a single assay system. For example, at each pH value of the "multiple pH" mode descrtoed 

SexXi^S orkin^icall^ist^^ 

aSmSthuJallo^ 

LpriTy "ni wi,, also be clear to one of ordinary skill In the art. All such combinations, whether expressly 
mentioned herein or not, are intended to fall within the scope of the present invention. 

S diSonuSi^tide;. each labeled with an AE derivative having a different optimum pH for t e ch- 
reaction were singly diluted into a solution containing 10 mM lithium succinate (pH 5.0 and O-I^j'^'^) "^^f '""^ '^^^^^^^ 
LuSrihefi^Ll^onucleotide, specific to Chlamydia trachomatis 16S rRNA. was coupled via a ''"^er arm to standard 
AE The second oligonucleotide, specific to Chlamydia trachomatis 23S rRNA. was coupled via ^ I'riker arm to o-F^AE^ 
?en microliters (about 0.002 pmoles) of each oligonucleotide was combln«i wjh 10 ,xl °* ^^^^^^^^^ 

separate tubes; additionally, 10 ,1 of each labeled o''9on"°l^°«d^r m H^S"^n:^o^7^^^^^^^ 

in , A of 0 4 N HCl 60 ul water and 200 ill of a solution containing 1 mM HNO3 and 0.1% H2P2. The tuoes were piaceo 

into LtEADE^® sJluS^^^^^^ Incorporated. San Diego, CA). and chemiluminescence was measured 

LiLtrdSadedlXalB^ PCcomputer. The data was then plotted as RLU versus time (interval number)^ 

The^sSfareSS^n^^^^^^ 
toanolfgonuTeSLcrb^^^^^^^^^^ 
pH for reaction. 
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Example 5: Simultaneous Det e^ «^n r.hi.mvHi» tr.chomHtis and Neisseria qonorrhoe^P Nucle^ic Agri? in a Homoqe. 
nanus Assa y Format 

The method and compositions of the present invention were used to simultaneously detect the presence of nucleic 
acidrderTvSSmlSSSa^m^ (Ctr) and M.issoria nonorrhoeae (Ngo) in a single f ^1^/^^^^^ 
Swn alul ofi^et nucleic acids. In this example the formation, selection, and detection of labeled ana- 

PACE® 2 assay (Gen-Probe Incorporated, San Diego. CA). In the commercially available assay the Ctr and Ngo prob^ 
aieachlab^Shs^^^ 

?he commercially available Ctr probes were replaced with the identical probes '^l^^ f "^^"^ hIf-AE Moreover 
standard Ngo probes were replaced with the identical probes labeled with a mixture of 1 • and 3-Me-/TKliF-AE. Moreover, 
sianaara iigo piouea k ® labeled orobes were used together n a "probe mix' with other non- 

neceiaor foMhe practice of the present invention although helper probes may be necessary m <^ni"";t;°" ^^^^ 
usfo^oIrticLlar labeled hybridizafion probes. Also, as mentioned above, the present invention does not depend on the 
Sir mcle^^^^^^ the nucleic acid analyte or the hybridization assay probe; thus the specif ic ohgonu- 

S^irrrutSnTese^^^^^ 

crposKcanbeusedwithanysetoftwoormorenucleicacidanalytemybr^ 

and lo ul oSe pS reSn" eL* reaction mixture was incubated at 55-C for one hour. Three hundred microliters 
^f" .?5 £ sodS?bS^ 

at ■^'i-c for 20 minutes Chemiluminescence of each sample was measured in a LEADER 50 luminometer w't" '"e 
Jutomatic nS:tToJ^^^^^^^ containing 0. 1 % H^O,. 1 mM HNO3. followed after a 2 second delay by another 

automatic n ectionoT<:uu t^^ « (N-tetradecyl-N.N-dimethyl-S-ammonio-l-propane-sulfonate; Zwit- 

SSriregSradSrS^^^^^^^ 

or 2 seS uSg luminometer's kinetic mode and intervals of 0.04 seconds. The data were t^n^f^^^^ d»^"y 
\ro^ heTlometeHnto a personal computer and analyzed using -^^^^Jf^'^;^ 
Example 3 above. The time intervals used for these calculations were intervals 1 -6 and 41 -50 standards tor eacn 
diSt label were averaged, as were two blank samples, which contained no probe or target nucleic a^'^s^ The RLU 
SSLlSd'Hach tim'e interval for the averaged blank standards was subtracts! fr^-^.'^tlt^show^^^^^^ 
responding interval for all other samples prior to calculation. Each sample was run in duplicate, values shown are the 
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of the duplicate reaction mixtures. Tine results are shown in Table 6 below. 

TABLE 6 



[Ngo] (fmol) 


[Ctr] (fmol) 


Total measured RLU 


Calculated Ve 


dues 








1-Me-/T?-diF-AE-[Ngo] 


1-Me-AE-[Ctr] 


10 


0 


102330 


102857 


243 


2.5 


0 


28872 


27769 


948 


0.5 


0 


7624 


5533 


2078 


0 


3.0 


103193 


0 


110774 


0 


0.75 


29865 


640 


30419 


0 


0.15 


7446 


266 


7510 


10 


3.0 


202729 


98729 


116462 


10 


0.75 


1 24013 




36738 


10 


0-15 


102883 


102238 


4411 


2.5 


3.0 


134348 


28441 


115172 


2.5 


0.75 


56553 


23564 


37321 


2.5 


0.15 


35038 


27282 


8531 


0.5 


3.0 


109582 


2317 


118248 


0.5 


0.75 


33385 


4223 


33129 


0.5 


0.15 


12490 


5959 


7449 


0 


0 


2089 


355 


1811 



These data indicate that at least two analytes (Ctr and Ngo ribosomal RNA in this example) can be identified, either 
alone or in a sample together, using the multiple analyte method and reagents of the present invention. 

Example 6: .^imnit.n.nu. Detect ion r.hi.mvdi. trachomatis and Neisseri a n onorrhoeae Ngqleic. Acids in a Mixed 
HomoaeneoNS/Heteroa an<^n"s Assay Format 

The method of the present invention was again used to simultaneously detect the presence of Ctr and Ngo in a 
"Dure sysS 0 e no cLcal specimen present): this time in a mixed homogeneous/heterogeneous assay system The 
Tc^iS for his' example wasthe PACE® 2 format (commercially availablefrom Gen-Probe Incorporated, San Diego, 
CAT modl2£ Is Serb's The probes used in this assay were identical to those used in Example 5 and were 

'''TorlT^::^:."^'::.^^:^^ .... Ngo or Ctr ribosomal RNA. or both, were -bin™ the 
smounte of taraet varied between 0 and 12.5 fmoles. Final volume of each target nucleic acid dilution was 100 h the 
dZerSe n vXme was mSe up with a solution of 30 mM sodium phosphate (pH 6.8). 3% (w/v) lithjum ^"^V^^^^jt 

tpmoerature for 5 minutes then the unbound probe was separated from the magnetic bead-bound hybridized probe by 
he olu"™ see Arnold, etal., European Publication No. EPO ^81390 which enjoys « ^^^^^^^^ 
w^ the present invention and which is hereby incorporated by reference herein. The beads and adsorbed hybridized 
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probe were washed once in a solution of 20 mM sodium tetraborate (pH 10.4), 0.1% (w/v) Zwittergent 3-14. then 
resuspended In 300 |il of 5% (v/v) TRITON® X-100. 

Each sample was then loaded into a LEADER® 50 luminometer. The chemiluminescent reaction was initiated with 
the automatic injection of 200 (il of a solution containing 0.1% (v/v) H2O2, 1 mM HNO3, followed after a 2 second delay 
by another injection of 200 nl of a solution containing 0.7 N NaOH. and 0.5% (v/v) Zwittergent 3-14. The chemilumi- 
nescence of each sample was monitored for 2 seconds using the luminometer's kinetic mode and intervals of 0.04 
seconds The data were transferred directly from the luminometer Into a personal computer and analyzed using calcu- 
lation methods similar to those described in Example 3 above. The time windows used for these calculations were from 
intervals 1-7 and 34-50. Two standards for each different label were averaged (using 5 fmoles ribosomal RNA for the 
Ngo control and 1 .5 fmoles ribosomal RNA for the Ctr control), as were two blank samples, which contained no probe 
or target nucleic acids. The RLU value obtained for the averaged blank standards in each time interval was subtracted 
from the RLU values for all other samples for the corresponding interval prior to calculation. Each sample was run m 
duplicate; values shown are the average of the duplicate reaction mixtures. The results are shown in Table 7 below. 

TABLE 7 



[Ngo] (fmol) 


[Ctr] (fmol) 


Total RLU 


Calculated Values 








1-Me-/77-diF-AE-[Ngo] 


1-Me-AE-[Ctr] 


12.5 


0 


254925 


257767 


175 


1.25 


0 


36362 


38501 


101 


0.125 


0 


4197 


4055 


95 


0 


3.5 


273939 


0 


291493 


0 


0.35 


32857 


67 


32608 


0 


0.035 


3785 


0 


4424 


12.5 


0.35 


288682 


248593 


32160 


12.5 


0.035 


256085 


242548 


3663 


1.25 


3-5 


307178 


31796 


286008 


1.25 


0.35 


66359 


34839 


32301 


1.25 


0.035 


38674 


36768 


3273 


0.125 


3.5 


288682 


4785 


287861 


0.125 


0.35 


36157 


3522 


33555 


0.125 


0.035 


7601 


3906 


3605 


0 


0 


317 


0 


92 



These data demonstrate that by using the compositions and methods of the present invention more than one analyte 
(Ctr and Ngo ribosomal RNA in this case) can be clearly identified alone or combined in the same sample tube. Moreover, 
when the probes containing the labeling reagents of the present invention are combined in the same sample tube, the 
same sample volume is sufficient for the nearly simultaneous identification of more than one analyte using the present 
invention This permits saving any remaining sample for other purposes (such as other assays) thereby increasing the 
number of assays that can be done using samples of a given volume. Additionally the data listed above show that an 
assay conducted in accordance with this embodiment of the present invention has high sensitivity with a sensitivity limit 
in this experi ment of at least 0. 1 25 f mole for Ngo and 0.035 f mole for Ctr. By presenting the data in this Example Applicant 
does not intend to imply however, that this is the lower limit of sensitivity obtainable under any set of experimental 
conditions. 

Example 7: Simultaneous Detection of Chlf=imvr!i^ mch o matis and Neisseria gonorrhoeae ribosomal RNA in a Clinical 
Specimen 

The method and reagents of the present invention were used to simultaneously detect the presence of Ctr and Ngo 
ribosomal RNA in a clinical specimen. The assay format was the same as used in Example 6 with the following differ- 
ences. 
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Each sample was prepared by adding the desired amount of ribosomal RNA to 1 00 ,1 
^ab clinical soecimens each swab had been originally suspended in a volume of 1 ml of Gen-Probe PACE 2 1 ansport 

were SSes and fmoles. respectively: and the intervals chosen for the time windows were intervals 1 -5 and 

41 -50. Assay results are shown in Table 8 below. 

TABLE 8 





[Ngo] (fmol) 


[Ctr] (fmol) 


Total RLU 


Calculated Vs 


dues 


15 








1 -Me-n7-diF-AE-[Ngo] 


i-ivie-Mti-[ouj 




5 


0 


87204 


79613 


186 




0.5 


0 


9909 


7825 


62 


20 


0.05 


0 


1403 


1019 


62 


0 


5 


179368 


2 


180452 




0 


0.5 


20892 


12 


20222 




0 


0.05 


2285 


2 


1985 


25 


5 


5 


258886 


69936 


174931 




5 


0.5 


92174 


57232 


20408 




5 


0.05 


81031 


70362 


2109 


30 


0,5 


5 


189936 


9776 


188578 


0.5 


0.5 


26500 


6887 


17865 




0.5 


0.05 


10625 


6887 


1736 




0.05 


0.5 


19758 


590 


18609 


35 


0.05 


0.05 


3208 


939 


1985 




0 


0 


366 


23 


93 



These data demonstrate that the ability of the method and reagents of the present invention to permit the detection 
andJSffcST^^^^ 
samples. 

45 Example 8: r^atar-tion of th a nan and Dol regions of HIV DNA 

The method of the present invention was used to simultaneously detect the gag and pol regions of Jf^" 
immuLSncy virus (HIV) genome. An advantage of the multiple analyte detection feature of Present inve^^^^^^ 
orThe WeSL^S^ is that detection of the presence of the second region (either gag or pol) of the HIV genome 
50 can be usS olorfir^^^^ of the virus in a diagnostic assay by virtue of the reduced likelihood o two s-rnul- 

ineous fSe posiSras^^^^^ in the same assay. Moreover, the detection of more than one distinct nucleo^de 

""'SIpTern'ta'mplTl^^^^^^^^ genome containing both the gag and pol regions was first amplifi^ as 

es described' ThTS'and p'ol nucleotide s^uence regions were *en sjnujneously detected us.ng the method 
and reaaents of the present invention in a hybridization protection assay (HPA) tormat. 

3e?complementary to the gag and pol regions of the HIV-1 genome were synthes.zed. The gag-specif ic probe 
(SEQ ID NO: 1 1) was labeled with a mixture of 1 - and 
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15 



20 



25 



30 



3 Me-AE and the pol-specific probe (SEQ ID NO: 5) was labeled with o-diBr-AE, also as described above, using a 
non nucle^tfde fnJ? al^n'corporated as part of the oiigonucleotide during synthesis to Pi^^^^^^^^^^^ to the prob. A 
rinned HlV-1 DNA fragment containing both target sequence regions was amplified in a 100 nl volume as describ^ in 
Kacifn e^a PCT pSSon No. WO 91/01384 which enjoys common ownership with the preserjt ^f^'^f^^"- ^^^^^^ 
wh^^;fr^coroorated by reference herein. Amplification primers used to amplify the pol region had nucleotide sequences 
SEQ ID SosTtS r ^^^^^^^ and primers which are used to amplify the gag region have nucleotide sequences 

^'°lw°nramSonoftheHlV-1 DNA. the probes were hybridized to the gag and pol ^^^^^^^^^ 

amolif Icatlon of the pol target region. The reaction mixture was then incubated for 30 minutes at 60 C "yaroiys's ^ ^ 
rSm derivatives on L unhybridized probe was accomplished by 30° ^' ^^^^^^^^^ 
fnH q 2% IvM TRITON® X-100 and 13 mM iodoacetic acid and incubating the mixture for 20 minutes at bu u mi 
!Kis pH iodiceJc ISi^Jaddid to the reaction mixute to prevent formation of acridinlum ester adducts which are unre- 

. . LEADER^ 50 lummometer. Each sa.p.e s placed In the ,u_ 

Sc:^erbrai'=a;T^^^^^^^^ 

and the raw data was analyzed using the calculation methods described in Example 3. The time windows used for the 
^«!^ltior^^rerDO.^S?oW^^^ 

ofpuS ^nucTS nucleotide sequence of each target; either gag alone or pol alone) as well as 2 

neSSe control whfh were treated the same as the other samples but contained "o target nuclei -^^^^^^^ 
Data obtained from duplicate standard samples were averaged, and all samples were corrected ^ '=^*9^0""° 
H!lt^hoH «hnJr-me results are shown in Table 9 below In this experiment, a negative assay result yields an RLU 
tlTou£Zn^O.^T"n retrmrnts using gag and po, target nucleic acid sequences (except the controls 
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mentioned above), the gag and poi targets are contained once in each target nucleic acid molecule. 



TABLE 9 



Input Template Nucleic Acid Sequence 


Total Observed RLU 


Calculated Values (RLU) 


(before amplification) (Average # Copies) 












pol 


gag 


20 


424149 


163116 


275832 


20 


474982 


181555 


288683 


20 


502688 


175009 


326109 


20 


487885 


167060 


343985 


5 


168892 


72321 


78129 


5 


275045 


84425 


116487 


5 


262052 


102490 


137456 


5 


290219 


121739 


140858 


2.5 


181662 


31211 


121724 


2.5 


221174 


53702 


146548 


2.5 


242543 




116987 


2.5 


1 2327 


4205 


8943 


1.25 


214078 


86608 


117385 


1.25 


7036 


4738 


1637 


1.25 


403548 


112971 


277915 


1.25 


3246 


2265 


497 


0 


4035 


3019 


508 


0 


4119 


2634 


2255 


0 


4396 


3079 


730 


0 


4340 


2954 


1542 



The data show that the method of the present invention can simultaneously detect the P-'^s^^^f °* f^.^c 
having sequences corresponding to the gag and pol regions of HIV-1. The listed number °* ^°P'f 
acids is an average number; clearly, the number of input copies of template .s an mteger ^nd no a f^cjoru Indeed the 
data indicate that some samples contain no copies of the template, as can be seen ^1^,^^^^^^^^^ 
occur in both the reaction sets corresponding to 2.5 and 1.25 copies of template. The sensitivity of this assay, whicn 
S^es nucleic acid amplification wi?h the compositions and methods of the present invention, ,s approximately 1 to 
2 copies of each target nucleic acid sequence. 

Example 9: n»tPrtinn of naa p»i rP ?ims of HIV DNA in a Sample Contqininq a Clinical Specimen. 

The method of the present invention was used to simultaneously detect both the gag and pol regions o« the Human 
Immunodeficiency Virus (HIV) in a human blood lysate. Whole blood which had been previously determined to be neg- 
aSve for HIV was lysed. and the white blood cells were collected, washed, and lysed as described in Ryder, PCT Pub- 
ESn NO WO 93/25710 which enjoys common ownership with the present application, and which 'ncorP°;«t^ ^y 
SenceheVein Rftymicrolitersof heleukocytelysatewasusedf^ 
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hybridized, and subjected to differential hydrolysis as described in Example 8. Results are shown in Table 10 below. 

TABLE 10 



Input Template Nucleic Acid Sequence 




Calculate d Values (RLU) 


(before amplification) (Average # Copies) 












pol 


gag 


5 


549945 


264861 


199071 


5 


545940 


271571 


210287 


2.5 


503159 


261827 


185001 


2.5 


513946 


243812 


195769 


2.5 


523733 


278479 


184205 


2.5 


490689 


265543 


166766 


2.5 


518724 


255322 


199760 


2.5 


518377 


259885 


192783 


0 


8946 


6296 


4018 


0 


9113 


5642 


4161 



These data indicate that the gag and pol targets can be detected simultaneously when the target nucleic acid is 
amplified in the presence of a cell lysate from blood mononuclear cells. In such a detection system the multiple analyte 
assay is capable of detecting less than 2.5 copies of more than one different target nucleic acid bearing a given nucleic 
acid sequence. 

Example 10: Polymerase Chain Reacti on (PCR^ 

PCR is a nucleic acid amplification technique well known to and regularly employed by those of ordinary skill in the 
art (see e.g.. American Society for Microbiology, Diagnostic Molecular Microbiology: Principles and Applications 56-70 
(1993). Incorporated by reference herein), and is patented technology owned and licensed by Hoffman-LaRoche. Inc., 
Nutley. NJ. 

A general procedure for PCR amplification of nucleic acids is taught in Sambrook et al.. suera at page 1 4.18 (incor- 
porated by reference herein). In the procedure so provided, the following ingredients are mixed in a sterile 0.5 ml micro- 
centrifuge tube for each reaction: 30 |xl of sterile water. 10 \i\ of a 1 0X Amplification buffer (10X Amplification buffer = 
500 mM KCL, 100 mM Tris-CI (pH8.3). 15mM MgCI and 0.1% (w/v) gelatin). 1.25 mMeachdNTP. 100 pmoles of each 
primer, up to 2 jjig of template DNA. and water to a final volume of 100 |xl. The reaction mixture is heated at 94^C for 5 
minutes. 5 jxl of a 5 unit/|Lil preparation of Tag DNA polymerase (Perkin-Elmer Corporation. Norwalk. CT) is added to the 
reaction mixture. The reaction mixture is then given 100 \i\ of light mineral oil and the reaction mixture incubated for 5 
minutes at 94^C to denature hydrogen-bonded nucleic acids, then for 2 minutes at 50'*C to allow annealing of the primers 
to the single-stranded target nucleic acids and 3 minutes at 72<>C to allow primer extension. The reaction mixture is then 
sequentially incubated for 1 minute at 94'*C. 2 minutes at 50*»C and 3 minutes at 72*>C. in that order, through 20 cycles. 
The sample is incubated at 72**C for 1 0 minutes in the last step of the last cycle, then stored at -20^C for use. 

Example 1 1 : Detection of the aaa and ool Regions of HI V DNA Foliowino PCR Amplification 

The method of the present invention was used to simultaneously detect the presence of both the gag and pol regions 
of HIV DNA. In this experiment the viral DNA was amplified using the polymerase chain reaction (PCR) prior to detection. 

The probes used were the same as used in Example 8. HIV-1 DNA was amplified using PCR; the primer pairs used 
to amplify the pol region by PCR had nucleotide sequences of SEQ ID NOs: 2 and 4, and the primers used to amplify 
the gag region had nucleotide sequences SEQ ID NOs: 7 and 10. 

After amplification, nucleic acid hybridization was carried out by mixing 20 \i\ of the PCR reaction mixture with 80 
ILLl of water, and then adding 100 |al of the probe mixture described in Example 8. The probe and target nucleic acids 
were incubated together for 30 minutes at 60°C. Differential hydrolysis, measurement of the chemiluminescence, and 
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calculation of the results were performed as described in Example 8. The assay results are shown in Table 11 below. 



TABLE 11 



Input Template Nucleic Acid Sequence 


Total Observed RLU 


Calculated Values (RLU) 


(before amplification) (Average # Copies) 












pol 


gag 


25 


173882 


92838 


65793 


25 


97173 


53868 


35657 


10 


107820 


51472 


44106 


10 


67621 


35681 


21349 


2.5 


65989 


31730 


27207 


2.5 


38210 


18367 


15040 


0 


975 


101 


732 


0 


286 


75 


1 56 



These data demonstrate that the multiple analyte assay method of the present invention can simultaneously detert 
the presence of dSem^^^^^^^^ acid molecules having sequences corresponding to the gag and pol regions of HlV-1 
when the HIV-1 sequences have been amplified using the polymerase chain reaction. 

Example 12: Rimnitaneous De t °^«i"" M"re Than Two Analytes in a Single Test Sampl? 

AS an Illustration of the feasibility of detecting more than two analytes in a single sample the following experiments 

''TheWgAE derivatives wereindividually coupled to separateoligo^^^^^^ 

AE- 2 7 -il^kl- 04;eO-(cinnamyl)-AE. 0-Me-AE. and o-diMe-AE. Approximately O.OOZ P.^'^^.f ^^/^^^/^^^ 
Sedchemiluminescentlabellnavo-umeofl.^^^^^^^^^ 

fnr:ir;Sor;7^^^^^^^ 

of 0.1 second. 



TABLE 12 


Tube 


AE-Derivatives 


1 


o-diBr-AE and 2,7-diMe-AE 


2 


Same as 1 plus o 




MeO(cinnamyl)-AE 


3 


Same as 2 plus o-Me-AE 


4 


Same as 3 plus odiMe-AE 



Plots showina the resulting light emission profiles obtained from of these experiments are shown in FiQure 4. The 
units S?he x^^Sl?e ;X in 'nt' rval number'and the unrts of the y-axis are given in RLU; the em.ss.on proves are 

in a Sfe overlay plot This plot clearly shows that the decay of each reacting ^'^^'^'^'"^^^"^^^^^^^ 
rtheSmplSs is sufficiently different from each other reacting chemiluminescent oompound that ^^^J'^'^^^^^ 

b?oneofs£reSto^^^^^^^ 
SomSyS^AE^^^^^^^ 

at amrSaS intervaMO). Likewise, the light emitted by the chemiluminescent compounds contained in Tube2 
Sb^?E Ty 3e-AE and o.MeO(cinnamyl)-AE) reaches baseline at about Interval 80 (8.0 seconds): the light emitted 
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in intervals 69-100 can be assumed to be the sum of the light emitted by the chemiluminescent compounds contained 
in Tubes 3 and 4. Finally, the light emitted by the compounds in Tube 3 (cHliBr-AE, 2,7-diMe-AE. o-MeO{^mmr>yy\)-AE 
and o-lVIe-AE) reaches baseline at some point after interval 1 00. Although not shown in the Rgure, at this latter time the 
components of tube 4 are still emitting measurable light. 

Thus by selecting the time periods during which to measure the light emitted by the compounds in each tube, one 
can distinguish between the light emitted by each compound using a reiterative averaging process similar to that used 
in Example 3 above to distinguish two chemiluminescent labels. Using the disclosure of the present example as a guide, 
it would be reasonably expected by those of skill in the art that c>diBr-AE. 2.7-diMe-AE. o-MeO(cinnamyl)-AE, o-Me- 
AE and o^Me-AE coupled to oligonucleotide probes can be distinguished under these reaction conditions. Moreover, 
it would also be reasonably expected by those of skill in the art that this ability would not be defeated when the probes 
are hybridized to a target nucleic acid. 

Example 13: Fvaliiation of AHHitlnnal Chem l i.iminfiscent Reafiftnts for Use in a Multiple Analyte Assay 

The evaluation of the following probe-coupled chemiluminescent reagents was performed as described in tfie pre- 
vious example, except emitted light was measured for a total of 10 seconds at time intervals of 0.1 second, and each 
chemiluminescent reagent was evaluated separately rather than in a mixture as in Example 12. ^'f ^^^shows a overiay 
plot of the separately assayed light emissions of 1) a combination of o-diBr-AE and a mixture of 1 - and 3-Me-AE 2) the 
same as 1), plus ortho-AE, 3) the same as 2). plus o-Me-AE, and 4) the same as 3). plus o-diMe-AE. As can be seen 
from the plot, the (KfiBr-AE/1 -and 3-Me-AE mixture reacts quickly and emits little light after approximately interval 40^ 
at which time the other AE derivatives still emit light. The ortho-AE emits little light after about interval 80. Although this 
Fiqure does not show the baseline resolution of the o-Me-AE derivative, additional experimentation has confirmed that 
the light emission decay of this derivative consistantly proceeds more quickly than does the reaction of the ;ema|n.ng 
AE-derivative o-diMe-AE. Extrapolation of the curves for these latter two compounds indicates that the kinetic profiles 
of these derivatives would be distinguishable in later time intervals than are shown in this Figure. , ^ . 

Although the coupled o-diBr-AE and 1- and 3-Me-AE labels were combined in this experiment, it has already been 
demonstrated that o-diBr-AE and a mixture of 1 - and 3-Me-AE can be distinguished on the basis of their characteristic 
reaction kinetics, (see e.g., Example 3). , • l.* * 

These data Indicate that, using the same reiterative averaging method used in Example 3 above to distinguish two 
chemiluminescent labels, the signals for each member compound in this set of coupled chemiluminescent labels are 
capable of being distinguished in a single sample when a light-emitting reaction involving all the member compounds is 
simultaneously initiated, and the emitted light is detected over an appropriate period of time. 

Example 14: Fvai..atinn of Sev^n r.hpmil.imines cent 1 ahe ls for S imi ilfgneous Use in Multiple l^mm Assay 

The reaction kinetics of seven different chemiluminescent labels (o<JiBr-AE, 2.7-diMe-AE, a mixture of 1- and 3- 
Me-AE o-linker-AE, c>MeO(oinnamyl)-AE. oMe-AE, and odiMe-AE) were evaluated by separately measuring the light 
emitted by each compound following initiation of a chemiluminescent reaction. Each chemiluminescent label was coupled 
to a different oligonucleotide. The experimental conditions were the same as in Example 1 2 except as -"dtcated hereia 
40 Emitted light was measured over a total time of seven seconds at 0.1 second intervals, and detected and measured 

"'^'"pigurS'S^sIhe resulting light emission characteristics of these compounds as a computer-generated single plot 
comprising the superimposed individual plots for each chemiluminescent co'l^PO'J."^- th s Figure clear y sh^^^ 
decay of emitted light by each reacting compound is sufficiently different and distinct from that of each other chemilu- 
45 minescent compound that each may be separately detected and measured in a single test sample wh«n e«cj°" ^ 
initiated simultaneously It will be appreciated by those of skill in the art in light of the present d'S^tosure that w^^^^^ 
example presents data gathered separately for each member compound, the reaction kinetics and decay of e'^'tted light 
would not differ substantially when these compounds are combined in a single sample. Thus, the person of stall in tne 
art would realize that the present example provides a set of seven chemiluminescent reagents which may be usea 
simultaneously in a single assay for the detection of seven nucleic acid analytes in accordance with the compositions 
and methods of the present invention. 

Example 15: Fvaliiation of Ch^T^iiiimunfiscent Reagents for M nlti pla Mode. Multinle Analyte Assay Systgii i 

The following chemilumunescent reagents were evaluated for use in a four analyte, two-pH assay system: o-diBr- 
AE. o-F-AE, standard AE, and o-MeO(cinnamyl).AE. As in the previous example, each chemiluminescent reagent was 
coupled to a different oligonucleotide. Experimental conditions were the same as in Example 4 except the oligonucle- 
otides were given 74 fil 0.4 N HCI -^ 26 nl H2O prior to addition of H2Q2. Each chemiluminescent reagent was evaluated 

separately. 
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Figure 7 shows the results of each experiment combined in a computer generated single p bt wherein the data 
obtaS for each chemiluminescent reaction is superimposed for greater clarity. As can be seen, he o-d.Br-AE and 
FTp^rSpaTeinachemiluminescent reaction at the 

from ^^cSer with the light emitted by the o-diBr-AE having decayed to baseline at approximately interval 25^ The 
iahTemme7be^en inteivals 25 and 75 represents the contribution of the o-F-AE reagent It can also be seen ha 
sLnda«; AE an7o-MeO(cinnamyl)-AE are relatively resistant to reaction at this pH, with only a small amount of light 
emitted by each compound between intervals 0 and approximately 85. 

Tho nH of the reaction mixtures was adjusted to 13 at a time corresponding to approximately interval 85. As can be 
seen thifpS *e I Jgely unriacted standard AE and oMeO(cinnamyi)-AE to emit light at a time when 

IS V all of the 0 dlBTand o-F-AE derivatives had already reacted at the previous pH. The two reagen s reacting a^ 
IT^Z OH value car^ also b^^ distinguished on the basis of the time required for each compound to completely 
reaHand^rArha?^^^^^^^^^ by interval 120. while o-MeO(cinnamyO-AE is still emitting light 

'^Z exr;: l'::::^sZ:f:^i:^:i^^ of the compositions and methods Of the P-nt >nven«on. As demo, 
strated heTeT rS,re than one mode of the present invention may be combined to allow the detection of two or more 
nSefc S anaMes It wil^be clear to one of skill in the art that although the data presented herein was gathered from 
mpoun s "alS'L separate reaction mixtures, these compounds woujd ^ '^^^f^^^l^^^^. t^SZ 
tiallv similar reaction characteristics when combined in a single reaction mixture; see, qjl. Example 16. Such a person 
3d ato und^ttand that the reaction characteristics of these compounds would not be materially altered when the 
20 oligonucleotide to which they are coupled is hybridized to a complementary nucleic acid strand. 

Example 16: n....i.ti.n h».w..n P roHi.t.H .nH Actii.l RP.rtinn Oharaoteristic? of ^oirihinKi Ch.milMmingscent Rea- 
gents 

in order to demonstrate that the reaction characteristics of the preferred acridinium ester derivatives ©^emplif led in 
the ISui examp^s are ac^^^ predicted by a computer-generated superimposition of p ots obtained from .ndi- 
vldual'L^a^^^^ 

made Lcording to the protocol of Example 15. Each tube contained one of the following acridinium esters. o-d'Br-AE 
;S:e, taSd AE a'nd o-MeO(cinnamyl)-AE. In addition, individual tubes were made^^^^^ 
each compound combined in a single tube as follows: o-diBr and o-F-AE, standard and o-Me(>^^^^^^ 
cyF-AE standard AE and o-MeO-AE. All of the chemilumunescent reagents were coupled to separate oligonucleotides^ 
L in theTeSrexampl^ Reaction was initiated and measured as in Example 15. The results are shown ,n Figure 

^^'^ Rgure 8A shows a computer-generated superimposed plot of the light emitted by odiBr-AE f^ c^F-AE which ha^^ 
been sepXafely aT^^^^^ Figure 88 shows a computer-generated plot of the combined light emitted by both reagents. 
Ss Dions he sum^^^^ individual plots of Figure 8A, and represente a prediction of the reaction character.s^cs of a 
iXVainrxtS^^^^^^ boti, reagents. Figure 8C shows the actual f ^^J^'^ 

these two compounds in a single tube. These data clearly demonstrate that not only is the decay of ligh emission the 
sar^e for Rg^e 8B (predicted curve) and Figure 8C (actual curve), but the kinetic curves are substantially identical. 

Rgure 8D similarly shows a computer-generated superimposed plot of the light emitted bv f^arKlard ^^^^^^ 
MeO(cinnamyl)-AE which had been separately assayed. Figure 8E displays the computer-generated sum of these super 
^pS S and Figure 8F shows the actual light emitted by a mixture of these two <=°!"P°""'^^1°"°^.'"9 '"^^ 
LTher^SSientreaction-AcomparisonbetweenFiguresEa^ 
of standard AE and o-l^eO(cinnamyl)-AEareaccuratelypredicted by addingthecurves obtained fromthe two individually 

45 ^^^^^^^^^^^^'^^^ superimposed plots of the light emitted by all four of these individually assayed acridinium 
esteSv^S RgureS 

SacteriSics of a mixture Of all four Of these compounds 

characteristics of the four compounds and Figure 81, the actual results. Again, ttiere is close to an exact correlation 
so betweenthe"Dredicted"plotof Figure 8H and the "actual" plot Of Figure 81. ^:«^r<.nt 
This ei^iment demonstrate? that the characteristic reaction ».netics of each AE label is "^^^^^^^^^^^^ 
when thev are mixed with other AE labels in a single reaction mixture. Thus, the AE labels disclosed for use in the 
meCs^d co^^^^^^^^^^ of the present invention and are demonstrably suitable in a multiple analyte assay system. 

55 Example 17: Mnrie Three: M ulti ple Wavele nnths. Simultaneous Initiation 

in an additional embodiment of the present invention, multiple analytes may be f^^'^^'^^^^^^^ 
sample by using different oligonucleotide probes each labeled with a different chemiluminescent label which emits light 
at a different wavelength than each other label. 
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AS an example of this mode of the invention, the assay could be run essentially as in ^ 6. witM^^^^^ 
modifications After the hybridization, each tube is given 1 ml of a solution of 60 mM sodium tetraborate (pH 8.9), 6.89 /<, 
TvM Tr'STio? a^^^^^ (w/v) gelatin containing 50 jtl of a 1 .250^ (w/v) suspension of BIOMAG™ 4100 magnetic 
particles in 0.02% (w/v) sodium azide and 1 mM EDTA. Incubation and wash steps are as .n Example 6. 

A luminometer is equipped with 4 photomultiplier tubes (PMTs). one monitoring emitted light in wavelength 
range from 300 nm to 700 nm. one having a 375 to 415 nm cut-off filter, one having a 400 nm to 435 nm cut-off W^er^ 
and one S a 5oS nm to 575 nm cut-off filter. Standards of each label are loaded into the luminometer. caus^ to 
emit°ght and the emitted light monitored by each PMT. Ratios of the chemilumlnescence .n each ««velength window 
Te dS mined for each label as illustrated in the calculation method of Example 3. Figures 9A and 9B show the chemi- 
fuminescer^t spectra of 2 7-diMe-AE and standard AE; the shaded portions of these spectra represent the wavelength 
Z^ZViSnTxoioJe^ure 9Cls a computer-generated overlay of the spectra of 9A and 9B. As can be seea 
The mTximum wavelength emission is different for each label, and each label may be distinguished .n a mixture of the 
two. Figure 9D is a computer-generated sum of the two individual wavelength emission profiles. ^ _ 

Having determinedLstandard ratios of wavelength emission for the specific chemiluminescentlabels^^^^^^ 

each experimental sample is loaded into the luminometer, a light emitting reaction is initiated, and the resulting emitted 
nght is rSorltored in exactly the same way as for the standards. Results can then be determined using the reiterative 

calculation method of Example 3. 
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The foregoing examples are intended to be illustrative only, and in no way are intended by the Applicant to limit the 
scope of the present invention. Additional embodiments are given in the following claims. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: Gen-Probe Incorporated 

(B) STREET; 9 880 Campus Point Drive 
10 (C) CITY: San Diego 

(D) STATE : California 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 92121 

(ii) TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR THE SIMULTANEOUS 

DETECTION AND QUANTIFICATION OF MULTIPLE 
SPECIFIC NUCLEIC ACID SEQUENCES 

(iii) NUMBER OF SEQUENCES: 11 

(iv) COMPUTER READABLE FORM: 
20 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
ATTCCCTACA ATCCCCAAAG TCAA 



(2) INFORMATION FOR SEQ ID N0:2: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 

(ii) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
AATTTAATAC GACTCACTAT AGGGAGACAA ATGGCAGTAT TCATCCACA 



(2) INFORMATION FOR SEQ ID NO ; 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
AATTTAATAC GACTCACTAT AGGGAGACCC TTCACCTTTC CAGAG 

(2) INFORMATION FOR SEQ ID NO: 4: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
GTTTGTATGT CTGTTGCTAT TAT 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
CTACTATTCT TTCCCCTGCA CTGTACCCC 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
CCAATCCCCC CTTTTCTTTT AAAATTGTGG ATG 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
AATTTAATAC GACTCACTAT AGGGAGAAGT GACATAGCAG GAACTA 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TGCACCAGGC CAGATGAGAG AACCA 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
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(D) TOPOLOGY: linear 
(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
ATTTTAATAC GACTCACTAT AGGGAGATTG GACCAGCAAG GTTTCTGTC 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
AGATTTCTCC TACTGGGATA GGT 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D.) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO : 11 : 
GTCATCCATC CTATTTGTTC CTGAAGGGTA C 



1 . A cxDmposition for the assay of a plurality of nucleic acid analytes in a single sample comprising: 

(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes 



complementary to a specific different target nucleotide sequence of one or 



wherein each of said hybridization probes will specifically hybridize to one or more analyte if present ii 



2. A composition for the assay of a plurality of nucleic acid analytes in a single sample comprising: 



Claims 




probes coupled to different of said chemiluminescent labels. 




test sample. 
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(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes has a nucle- 
otide sequence complementary to a specific different target nucleotide sequence of one or more nucleic acid 
analytes suspected of being in said test sample, 

(b) a plurality of different chemiluminescent labels, each of said labels coupled to one or more of said hybridi- 
zation probes by a linker so that two or more nucleic acid analytes are each targeted by hybridization assay 
probes coupled to different of said chemiluminescent labels, 

wherein each of said hybridization probes will specifically hybridize to said nucleic acid analytes if present in 
said sample, under conditions not favoring the hybridization of said probes to untargeted nucleic acids said chemi- 
luminescent labels being similarly protected from loss of their chemiluminescent potential when coupled to a hybrid- 
ization probe that is hybridized to a target nucleic acid and said chemiluminescent labels being similarly susceptable 
to loss of their chemiluminescent potential when coupled to an unhybridized probe, and wherein upon iriitiat.on o 
a triggerable light-emitting reaction at a first pH value at least one of said coupled chemiluminescent labels w. 
partidpate in said reaction at said pH values, and at least one other of said coupled chemilumin^ent labels will 
react in a light-emitting reaction when the pH of the reaction mixture is changed to one or more different pH value, 
said composition thereby permitting the separate identification of two or more chemiluminescent labels in a single 
test sample as an indication of the presence of said nucleic acid analytes in the test sample. 

3 The composition of claim 2 wherein the coupled chemiluminescent labels reacting in said detectable light-emitting 
reaction at said first pH value have reaction pH optima at least about 0.5 pH unit different than those of said other 
coupled chemiluminescent labels reacting at said one or more different pH values. 

4 The composition of claim 2 wherein the coupled chemiluminescent labels reacting in said detectable light-emit«ng 
reaction at said first pH value have reaction pH optima at least about 0.7 pH unit different than those of said other 
coupled chemiluminescent labels reacting at said one or more different pH values. 



5 The composition of claim 2 wherein the coupled chemiluminescent labels reacting in said detectable light-emiftng 
reaction at said first pH value have reaction pH optima at least about 1 .0 pH unit different than those of said other 
coupled chemiluminescent labels reacting at said one or more different pH values. 

6 The composition of claim 2 wherein the coupled chemiluminescent labels reacting in said detectable light-emitting 

■ reaction at said first pH value have reaction pH optima at least about 1 .5 pH unit different than those of said other 
coupled chemiluminescent labels reacting at said one or more different pH values. 

7. The composition of claim 2 wherein the coupled chemiluminescent labels reacting in said detectable light-emitting 
reaction at said first pH value have reaction pH optima at least about 2.0 pH unit different than those of said other 
coupled chemiluminescent labels reacting at said one or more different pH values. 

8 Thecompositionofclaim2wher6inatleastoneofthecoupledchemiluminescentlabelsreactinginsaidlight-emitfing 

■ reaction at said first pH value comprises o-F-AE, and at least one of said other coupled chemiluminescent labels 
reacting at said one or more different pH values comprises a chemiluminescent reagent selected from the group 
consisting of 1-Me-AE, 3-Me-AE, a mixture of 1- and 3- Me-AE, o-MeO(cinnamyl)-AE, and standard AE. 

9 The composition of claim 2 wherein at least one of the coupled chemiluminescent labels reacting in said light-emitting 

■ reaction at said first pH value comprises a mixture of 1- and 3- Me-/TKliF-AE and at least one of said other coupled 
chemiluminescent labels reacting at said one or more different pH values comprises a chemiluminescent reagent 
selected from the group consisting of 1-Me-AE, 3-Me-AE. a mixture of 1- and 3-Me-AE. and o-MeO(cinnamyl)-AE. 

1 0 The composition of claim 2 wherein at I east one of the coupled chemiluminescent labels reacting in said light-emitting 
' reaction at said first pH value comprises 2.7-diMe-AE. and at least one of said other coupled chemiluminescent 

labels reacting at said one or more different pH values comprises o-Me-AE. 

1 1 The composition of claim 2 wherein at I east one of the coupled chemiluminescent labels reading in said light-emitting 
■ reaction at said first pH value comprises naphthyl-AE. and at least one of said other coupled chemiluminescent 

labels reacting at said one or more different pH values comprises standard AE. 

12 Thecompositionofclalm2whereinatleastoneofthecoupledchemiluminescentlabelsreaclinginsaidlight^ 
reaction at said first pH value comprises oKJiBr-AE, and at least one of said other coupled chemiluminescent labels 
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reacting at said one or more different pH values comprises a chemiluminescent reagent selected from the group 
consisting of 1-Me-AE. 3-Me-AE. a mixture of 1- and 3- Me-AE, and o-MeO(cinnamyl)-AE. 

1 3 The composition of claim 2 wherein at least one of the coupled chemiluminescent labels reacting in said light-emitting 
reaction at said first pH value comprises a first chemiluminescent reagent selected from the group consisting of o 
F-AE l-Me-m-diF-AE. 3-Me-/n-diF-AE, a mixture of 1-Me-m-diF-AE and 3-Me-m-diF-AE, 2.7-diMe-AE. naphthyl- 
AE and o-diBr-AE, and at least one of said other coupled chemiluminescent labels reacting at said one or more 
different pH values comprises a second chemiluminescent reagent selected from the group consisting of 1-Me-AE. 
3-Me-AE, a mixture of 1- and 3-Me-AE, a-MeO(cinnamyl)-AE, standard AE, and o-Me-AE. 

14. The composition of Claim 13 comprising at least three different coupled chemiluminescent labels. 

1 5 The composition of Claim 2 comprising at least three chemiluminescent labels, wherein at least one of the coupled 
chemiluminescent labels reacting in said light-emitting reaction at said first pH value comprises a first chemilumi- 
nescent reagent selected from the group consisting of o-F-AE. 1 -Me-m-diF-AE. 3-Me-m-diF-AE. a mixture of 1 -Me- 
m-diF-AE and 3-Me-m-diF-AE, 2.7-diMe-AE. naphthyl-AE. and o-diBr-AE. and at least one of said other coupled 
chemiluminescent labels reacting at said one or more different pH values comprises a second chemiluminescent 
reagent selected from the group consisting of 1-Me-AE. 3-Me-AE. a mixture of 1- and 3-Me-AE. aMeO(cinnamyl)- 
AE. standard AE. and o-Me-AE. 

1 6 The composition of claim 2 wherein two or more of said coupled chemiluminescent labels will emit light at a single 
pH value after initiation of said light-emitting reaction, and wherein the wavelengths of light emission of said two or 
more chemiluminescent labels are sufficiently distinct to allow the separate identification of chemiluminescent labels 
reacting at that pH value when the emitted light is measured at each of said distinct wavelengths. 

17 The composition of claim 2 wherein two or more of said coupled chemiluminescent labels will emit light at a single 
pH value after initiation of said light-emitting reaction, and wherein the time-to-peak characteristics, reaction duration, 
and/or wavelengths of light emission of said two or more chemiluminescent labels are sufficiently distinct to pernriit 
the separate detection of said chemiluminescent labels when light is measured for predetermined time intervals 
over one or more wavelengths after the initiation of the light emitting reaction, thereby allowing the separate identi- 
fication of chemiluminescent labels reacting at that pH value. 

1 8. A composition for the assay of a plurality of nucleic acid analytes in a single sample comprising: 

(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes has a nucle- 
otide sequence complementary to a specific different target nucleotide sequence of one or more nucleic acid 
analytes suspected of being in said test sample, - u u 

(b) a plurality of different chemiluminescent labels, each of said labels coupled to one or more of said hybridi- 
zation probes using a linker so that two or more nucleic acid analytes are each targeted by hybridization assay 
probes coupled to different of said chemiluminescent labels, 

wherein each of said hybridization probes will specifically hybridize to one or more nucleic acid analytes if 
present in said sample, under conditions not favoring the hybridization of said probes to untargeted nucleic acids, 
said chemiluminescent labels being similarly protected from loss of their chemiluminescent potential when coupled 
to a hybridization probe that is hybridized to a target nucleic acid, and said chemiluminescent labels being similarly 
susceptable to loss of their chemiluminescent potential when coupled to an unhybridized probe, and wherein upon 
initiation of a light-emitting reaction the time-to-peak and/or reaction duration values of at least one reacting chemi- 
luminescent label are sufficiently different from those of at least one other reacting chemiluminescent label to permit 
the separate detection of said reacting chemiluminescent labels in the same test sample when light emission is 
detected or measured over predetermined time intervals after said initiation event as an indication of each of said 
analytes. 

19 The composition of claim 18 wherein one of said reacting coupled chemiluminescent labels comprises o-diBr-AE 
and at least one of said different reacting coupled chemiluminescent labels comprises an acridinium ester derivative 
selected from the group consisting of: 1 -Me-AE. 3-Me-AE. a mixture of 1 - and 3-Me-AE. and o-MeO(cinnamyl)-AE. 

20. The composition of claim 1 8 wherein one of said reacting coupled chemiluminescent labels comprises naphthyl-AE 
and at least one of said different reacting coupled chemiluminescent labels comprises standard AE. 
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21 The composition of claim 18 wherein one of said reacting coupled chemiluminescenl labels comprises 2,7-diMe- 
AE and at least one of said different reacting coupled chemiluminescent labels comprises o-Me-AE. 

22 The composition of claim 1 8 wherein one of said reacting coupled chemiluminescent labels comprises o-F-AE and 
' at least one of said different reacting coupled chemiluminescent labels comprises an acridinium ester derivative 

selected the group consisting of 1-Me-AE. 3-Me-AE, a mixture of 1 - and 3-Me-AE. o-MeO (cinnamyl)-AE, and 
standard AE. 

23 The composition of claim 18 wherein one reacting coupled chemiluminescent label comprises an acridinium ester 
■ derivative selected from the group consisting of LMe-m-dlF-AE. 3-Me-^diF-AE. and a mixture of 1- and 3-Me-/r> 

diF-AE and at least one of said different reacting coupled chemiluminescent labels compnses an acridinium ester 
derivative selected from the group consisting of 1-Me-AE, 3-Me-AE, a mixture of 1- and 3-Me-AE and oMeO(an- 

namyl)-AE. 

A composition for the assay of a plurality of nucleic acid analytes in a single sample comprising at least two chemi- 
luminescent labels selected from the group consisting of: 



IS 24. 



(a) o-diBr-AE, 

(b) 2,7-diMe-AE. 

20 (c) o-MeO(cinnamyl)"AE, 

(d) o-Me-AE. and 

(e) o-diMe-AE. 



wherein each of said chemiluminescent labels is coupled to at least one different hybridization assay probe. 

25 each of said probes having a nucleotide sequence sufficiently complementary to a target region contained in one 
or more nucleic acid analytes to bind thereto under hybridization conditions not favoring hybridization between said 
probes and non-target regions, and wherein after initiation of a triggerable light-emitting reaction, the reaction kine - 
ics wavelength of light emission, and/or optimal pH characteristics of each of said chemiluminescent labe s is suf- 
ficiently distinct from those of each other of said labels that each of said labels are separately detectable as an 

30 indication of the presence of each of said nucleic acid analytes in said sample. 

25. A composition for the assay of a plurality of nucleic acid analytes in a single test sample comprising at least two 
chemiluminescent labels selected from the group consisting of: 

35 (a) o-diBr-AE. 

(b) 2,7-diMe-AE. 

(c) a mixture of 1- and 3-Me-AE, 

(d) o-AE. 

(e) o-MeO(cinnamyl)-AE, 
40 (f) O-Me-AE. and 

(g) o-diMe-AE, 

wherein each of said chemiluminescent labels is coupled to at least one different hybridization assay probe, 
each of said probes having a nucleotide sequence sufficiently complementary to a target region contained in one 
or more nucleic acid analytes to bind thereto under hybridization conditions not favoring hybridization between said 
probes to non-target regions, and wherein after initiation of a triggerable light-emitting reaction, the reaction kinetic^ 
wavelength of light emission, and/or optimal pH characteristics of each of said chemiluminescent labels is suff iciently 
distinct from those of each other of said labels that each of said labels are separately detectable as an indication 
of the presence of each of said nucleic acid analytes in said sample, 

26. A method for the assay of a plurality of nucleic acid analytes in a single sample comprising the steps: 
(a) providing in a medium, 

(i) a plurality of different oligonucleotide hybridization assay probes, each of said probes having a nucleotide 
sequence complementary to a target nucleotide sequence of a nucleic acid analyte suspected of being in 
said sample. 
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(ii) a plurality of different chemiluminescent labels, each of said labels coupled to one or more of said hybrid- 
ization probes, so that two or more nucleic acid analytes are each targeted by at least one hybridization 
assay probe coupled to a different chemiluminescent label, and 
(ill) said sample, and 

(b) establishing hybridization conditions under which the different hybridization assay probes will preferentially 
hybridize to said nucleic acid analytes, to form labeled double-stranded nucleic acid hybrids wherein said con- 
ditions do not favor the formation of double-stranded nucleic acid hybrids between said labeled probes and 
untargeted nucleic acids, 

(c) selectively destroying or inhibiting the chemiluminescent potential of said chemiluminescent labels coupled 

to unhybridized probe, . . .n- u* ^ 

(d) inducing the chemiluminescent labels associated with double-stranded nucleic acid hybrids to emit light, and 

(e) detecting each of said nucleic acid analytes, if present, by measuring the light emitted by the coupled chemi- 
luminescent label hybridized thereto at a wavelength of light emission sufficiently distinct from a wavelength of 
light emission for each other of said chemiluminescent labels to allow said analytes to be independently detect- 
able in a single test sample. 

27. A method for the assay of a plurality of nucleic acid analytes in a single sample comprising the steps: 

(a) providing in a medium, 

(i) a plurality of different oligonucleotide hybridization assay probes, each of said probes having a nucleotide 
sequence complementary to a target nucleotide sequence of a nucleic acid analyte suspected of being in 

said test sample, ^ u ,j 

(ii) a plurality of different chemiluminescent labels, each of said labels coupled to one or more of said hybrid- 
ization probes, so that two or more nucleic acid analytes are each targeted by a hybridization assay probe 
coupled to a different chemiluminescent label, and 

(iii) said sample, and 

(b) establishing hybridization condition under which the hybridization assay probes will preferentially hybridize 
to said nucleic acid analytes, if present, to form labeled double-stranded nucleic acid hybrids wherein said 
conditions do not favor the formation of double-stranded nucleic acid hybrids between said labeled probes and 

untargeted nucleic acids, , l. , t ^ » 

(c) selectively destroying or inhibiting the chemiluminescent potential of the chemiluminescent label coupled to 

unhybridized probe, ^ -xr 

(d) inducing the chemiluminescent labels associated with double-stranded nucleic acid hybrids to emit light, ana 

(e) detecting each hybridized nucleic acid analyte by measuring, upon initiation of a light-emitting reaction, the 
time-to-peak and/or reaction duration values of the reacting chemiluminescent labels over predetermined time 
intervals after said initiation event. 

28. A method for the assay of a plurality of nucleic acid analytes in a single sample comprising the steps: 

(a) providing in a medium, 

(i) a plurality of different oligonucleotide hybridization assay probes, each of said probes having a nucleotide 
sequence complementary to a target nucleotide sequence of a nucleic acid analyte suspected of being m 

said sample, t -^ua^. -^ 

(ii) a plurality of different chemiluminescent labels, each of said labels coupled to one or more of said hybrid- 
ization probes, so that two or more nucleic acid analytes are each targeted by a hybridization assay probe 
coupled to a different chemiluminescent label, and 

(iii) said sample, and 

(b) establishing hybridization conditions under which the hybridization assay probes will hybridize to said nucleic 
acid analytes. if present, to specifically form labeled double-stranded nucleic acid hybrids wherein said condi- 
tions do not favor the formation of double-stranded nucleic acid hybrids between said labeled probes and untar- 
geted nucleic acids, , . i ^ +^ 

(c) selectively destroying or inhibiting the chemiluminescent potential of the chemiluminescent label coupled to 

unhybridized probe. 
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(d) inducing at least one of the coupled chemiluminescent labels associated with said double-stranded nucleic 
acid hybrids to participate in a light-emitting reaction at a first pH value, and measuring the light emitted by said 
label thereby, 

(e) adjusting the assay solution to at least one different pH value, 

f) Inducing at least one different coupled chemiluminescent label associated with one or more different double- 
stranded nucleic acid hybrid to participate in a light emitting reaction at said different pH value(s), and 
(g) measuring the light emitted by said different labels during a predetermined time period, thereby permitting 
the separate identification of different coupled chemiluminescent label as a measure of each of different nucleic 
acid analytes hybridized to labeled hybridization assay probes In a single test sample. 

29 A composition for the detection of a plurality of nucleic acid analytes in a single sample comprising: 

a set of chemiluminescent labels comprised of two or more different labels each coupled to an oligonucleotide 
hybridization assay probe, each of which coupled labels, upon initiation of a light-emitting reaction, emits light at a 
wavelength sufficiently distinct from a wavelength of light emission of each other of said chemiluminescent abels 
that said chemiluminescent labels are independently detectable in said sample when the emitted light is detected 
at said wavelengths, each of said labelsfurther being susceptible to loss of chemiluminescent potential while coupled 
to an unhybridized oligonucleotide hybridization probe, and each of said labels being resistant to said loss while 
coupled to an oligonucleotide hybridization assay probe hybridized to at least one of said nucleic acid analytes. 

30. A composition for the detection of a plurality of nucleic acid analytes In a sample comprising; ^ , , ^ , ^ . 

a set of chemiluminescent labels comprised of two or more different labels, each of said different labels beirng 
coupled to an oligonucleotide hybridization probe, and each of which different coupled labels are distinguishab e 
from at least one other of said coupled labels after initiation of a light-emitting reaction by measuring the time to 
peak and/or reaction duration values of the reacting chemiluminescent labels over predetermined time intervals, 
each of said different labels further being susceptable to loss of chemiluminescent potential when coupled to an 
unhybridized oligonucleotide hybridization probe, and each of said different labels being resistant to said loss when 
coupled to an oligonucleotide hybridization assay probe hybridized to one of said nucleic acid analytes. 

31 . A composition for the detection of a plurality of nucleic acid analytes in a sample comprising: 

a set of chemiluminescent labels comprised of two or more labels, each of said labels being coupled to an 
oligonucleotide hybridization probe, and wherein at least one of said coupled labels participates in a light-emitting 
reaction at a pH value which does not favor the reaction of at least one other of said coupled labels under similar 
reaction conditions; each of said labels further being susceptable to loss of chemiluminescent potential when cou- 
pled to an unhybridized oligonucleotide hybridization probe, and each of said labels being resistant to said loss 
when coupled to an oligonucleotide hybridization assay probe hybridized to one of said nucleic acid analytes. 

32. A composition for the detection of one or more organisms In a single sample comprising: 

(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes has a nucle- 
otide sequence complementary to that of one or more nucleic add analytes useful for Identifying at least one 
target organism suspected of being In said test sample, u k w 

(b) a plurality of different chemiluminescent labels, each coupled to one or more one of said hybridization probes 
sothattwoor more nucleic acid analytes are targeted bydifferentof said chemiluminescent labeled hybrriization 
assay probes, 

wherein each of said hybridization probes will specifically hybridize to said nucleic acid analytes. if present in said 
sample under conditions not favoring the hybridization of said probes to non-target nucleic acid regions said chemi- 
luminescent labels being similarly resistant to loss of chemiluminescent potential when coupled to a hybridization 
probe hybridized to a target nucleic acid, and said chemiluminescent labels being similarly susceptable to loss of 
chemiluminescent potential when coupled to an unhybridized probe, and wherein upon Initiation of a light-ernitting 
reaction each of said chemiluminescent labels emit light at one or more wavelengths sufficiently distinct from a 
wavelength of light emission of each other of said chemiluminescent labels such that said chemiluminescent labels 
are independently detectable when the emitted light is detected at said wavelengths as an Indication of the presence 
of each of said target organism{s) in said test sample. 

33. A composition for the detection of one or more organisms in a single sample comprising: 
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(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes has a nucle- 
otide sequence complementary to that of one or more nucleic acid analytes useful for identifying at least one 
target organism suspected of being in said test sample, 

(b) a plurality of different chemiluminescent labels, each coupled to a different one of said hybridization probes 
so that two or more nucleic acid analytes are targeted by different of said chemiluminescent labeled hybridization 
assay probes, 

wherein each of said hybridization probes will specifically hybridize to the nucleic acid analytes useful for detecting 
said target organism(s), if present In said sample, under conditions not favoring the hybridization of said probes to 
non-target nucleic acid regions, said chemiluminescent labels being similarly resistant to loss of chemiluminescent 
potential when coupled to a hybridization probe that is hybridized to a target nucleic acid, and said chemiluminescent 
labels being similarly susceptable to loss of chemiluminescent potential when coupled to an unhybridized probe, 
and wherein after initiation of a triggerable light-emitting reaction at a first pH value at least one of said chemilumi- 
nescent labels will react in a light-emitting reaction at said pH value and at least one other of said chemiluminescent 
labels will not react in a light-emitting reaction until the solution is adjusted to at least one different pH value, said 
composition thereby permitting the separate identification of each chemiluminescent label in a single test sample 
as an indication of the presence of each of said target organism(s) in the sample. 

34. A composition for the detection of one or more organisms in a single sample comprising: 

(a) a plurality of different oligonucleotide hybridization assay probes, wherein each of said probes has a nucle- 
otide sequence complementary to that of one or more nucleic acid analytes useful for identifying at least one 
target organism suspected of being in said test sample. 

(b) a plurality of different chemiluminescent labels, each coupled to a different one of said hybridization probes 
so that two or more nucleic acid analytes are targeted by different of said chemiluminescent labeled hybridization 
assay probes, 

wherein each of said hybridization probes will specifically hybridize to the nucleic acid analytes useful for identifying 
said target organism(s), if present in said sample, under conditions not favoring the hybridization of said probes to 
non-target nucleic acid regions, said chemiluminescent labels being similarly resistant to loss of chemiluminescent 
potential when coupled to a hybridization probe hybridized to a target nucleic acid, and said chemiluminescent labels 
being similarly susceptable to loss of their chemiluminescent potential when coupled to an unhybridized probe, 

and wherein upon initiation of a light-emitting reaction, the time-to-peak and/or reaction duration values of 
each reacting chemiluminescent label are sufficiently different from those of each other of said reacting chemilumi- 
nescent labels to permit the separate detection of each said chemiluminescent label in the presence of the other 
of said labels when said light emission is detected or measured over a predetermined time period after said initiation 
event as an indication of the presence of each of said target organism(s) in the sample. 

35. A method for simultaneously detecting the presence or amount of Chlamydia trachomatis and Neisseria qonon 
rhoeae nucleic acids in a single sample comprising: 

(a) contacting said sample with at least one oligonucleotide hybridization assay probe which will preferentially 
hybridize to Hhiamvdia trachomatis nucleic acids over non-Chlamy(;iia trachomatis nucleic acids and at least 
one oligonucleotide hybridization assay probe which will preferentially hybridize to Neisseria gonorrhoeae 
nucleic acids over nnn- M^isseria gonorrhoeae nucleic acids, wherein said Chlamydia trachomatis-specific 
hybridization assay probes are coupled to a first chemiluminescent labeling reagent and said NQi$geria qonpr- 
rhoeae -specific hybridization assay probes are coupled to a second chemiluminescent labeling reagent. 

(b) establishing hybridization conditions sufficient to allow hybridization between said Chlamydia trachomatis - 
specific hybridization assay probes and Chlamvdia trachomatis nucleic acids, if present, and Neisseria qonor- 
rhoeae -specific hybridization assay probes and Neisseria gonorrhoeae nucleic acids, if present, wherein said 
hybridization conditions will not promote non-specific hybridization of said hybridization assay probes to non- 
target nucleic acids, 

(c) selectively destroying or inhibiting the chemiluminescent potential of the chemiluminescent label coupled to 
unhybridized probe, and 

(d) detecting said first chemiluminescent reagent coupled to hybridized Chlamydia trachomatis-specrfic probes 
as an indication of the presence of rhiamyriia trachomatis nucleic acids in said sample, and said second chemi- 
luminescent reagent coupled to hybridized Ngjsseria aonorrhoeae -specific probes as an Indication of the pres- 
ence of Neisseria Gonorrhoeae nucleic acids in said sample. 
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36. A method for the assay of a plurality of analytes in a target nucleic acid in a sample comprising: 

(a) contacting said sample with a plurality of different oligonucleotide hybridization assay probes, wherein each 
of said different probes specifically hybridizes to a different target analyte region of said nucleic acid and wherein 
each of said different probes is coupled to a different chemiluminescent label, 

(b) establishing hybridization conditions in said sample sufficient to allow the specific hybridization between 
each said hybridization assay probe and its analyte, wherein said hybridization conditions do not promote hybrid- 
ization of said hybridization assay probes to non-target nucleotide sequence regions of said nucleic acid, 

(e) selectively destroying or inhibiting the chemiluminescent potential of the chemiluminescent label coupled to 
unhybridized probe, 

(d) detecting said chemiluminescent labels coupled to said different probes as an indication of the presence of 
said nucleic acid analytes in said sample. 

37. The method of claim 36 wherein said nucleic acid is derived from human immunodeficiency virus. 

38. The method of claim 37 wherein said different analytes comprise target regions located at regions of the human 
imunodeficiency virus genome comprising the gag and pol regions. 

39. A kit for the specific detection of at least one organism in a test sample comprising: 

(a) a probe reagent, comprising at least two different oligonucleotide hybridization assay probes coupled to at 
least two different chemiluminescent labels, wherein each of said probes is coupled to a single one of said 

different labels, / x u* * 

(b) a permeabilization reagent, comprising means for extracting nucleic acids from said organism(s) sought to 

be detected, 

(c) a discrimination reagent, comprising means for selectively destroying or inhibiting the chemiluminescent 
potential of said chemiluminescent labels coupled to unhybridized probes, and 

(d) a detection reagent comprising means for causing said chemiluminescent reagents to emit detectable light. 
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1 or 3-Me-AE 2,7-diMe-AE 4,5-diMe-AE 



Figure lA 
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o-MeO-AE o-MeO (cinnamyl)-AE o-Me-AE 



Figure IB 
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O-F-AE 




1 or 3-Me-o-F-AE 1 or 3-Me-m-diF-AE 



Figure IC 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 8A 
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Figure 8B 
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Figure 8C 
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Figure 8D 
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Figure 8E 
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Figure 8G 
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Figure 8H 
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Figure 9C 
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